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A b s t r a c t
I n f l o r e s c e n c e  o rganogeny and f l o r a l  i n i t i a t i o n  a r e  
i n v e s t i g a t e d  t o p o g r a p h i c a l l y  ( u s i n g  scan n in g  e l e c t r o n  m ic ro s co p y )  
and h i s t o g e n e t i c a l l y  i n  A cacia  b a i l e y a n a  (Mimosoideae)  and Lupinus 
h a v a r d i i  ( P a p i l i o n o i d e a e ) .  F l o r a l  on togeny i s  i n v e s t i g a t e d  
t o p o g r a p h i c a l l y  i n  P a r k i n s o n i a  a c u l e a t a  ( C a e s a l p i n i o i d e a e ) .  The 
p a n i c u l a t e  racemes  o f  A. b a i l e y a n a  a r e  c o n s t r u c t e d  o f  f i r s t -  and 
s e c o n d - o r d e r  i n f l o r e s c e n c e  m e r i s t e m s .  Each p ro d u c e s  f i r s t - o r d e r  
and s e c o n d - o r d e r  b r a c t s ,  r e s p e c t i v e l y ,  i n  a c r o p e t a l  o r d e r .  Each of  
t h e  fo rm er  b r a c t s  s u b t e n d s  one s e c o n d - o r d e r  i n f l o r e s c e n c e  m er i s tem  
w h i l e  t h e  l a t t e r  b r a c t  ty p e  s u b te n d s  a s i n g l e  f l o w e r .  The r a d i a l l y  
s y m m e t r i c a l  f l o r a l  m e r i s t e m  o f  A_. b a i l e y a n a  p ro d u c e s  c a l y x  members 
i n  h e l i c a l  o r d e r  and c o r o l l a  members s i m u l t a n e o u s l y  w i th  a 
p r e c o c i o u s  t e r m i n a l  c a r p e l .  Common stamen p r i m o r d i a  a r e  i n i t i a t e d  
i n  a n t i s e p a l o u s  s i t e s .  Three  to  f i v e  i n d i v i d u a l  s tamen p r im o r d i a  
form on eac h  o f  t h e  common s tamen  p r i m o r d i a  a f t e r  which a d d i t i o n a l  
s tamen p r i m o r d i a  a p p e a r  l a t e r a l l y  to  f i l l  i n  a n t i p e t a l o u s  a r e a s  
be tween th e  common s tamen p r i m o r d i a .  P r o l i f e r a t i o n  of  th e  
androec ium  i s  acc om pl i she d  a f t e r  r a d i a l  e x p a n s io n  o f  the  f l o r a l  
apex  p r o v i d i n g  space  upon which i n d i v i d u a l  s tamen  p r i m o r d i a  may 
e n c ro a c h  upon th e  expanded apex  t o  t h e  base  o f  th e  c a r p e l .
T e rm ina l  racemes  of  L. h a v a r d i i  p roduce  b r a c t s  i n  a c r o p e t a l  o r d e r .  
Each b r a c t  s u b t e n d s  one f l o w e r .  The b i l a t e r a l l y  sy m m e t r i c a l  f l o r a l  
m e r i s t e m  o f  L. h a v a r d i i  p ro d u c e s  a l l  f l o r a l  o r g a n s  i n  a
xv i
u n i d i r e c t i o n a l  s equence  w i t h i n  eac h  whor l  w i th  some members o f  each  
w hor l  a p p e a r i n g  p r e c o c i o u s l y  t o  t h e  r e s t .  F low ers  o f  P. a c u l e a t a  
a r e  i n i t i a t e d  on racemes i n  a c r o p e t a l  o r d e r  and each  f l o w e r  i s  
s u b ten d ed  by a b r a c t .  The f l o r a l  m e r i s tem  o f  P.  a c u l e a t a  p ro d u ces  
s e p a l s  i n  h e l i c a l  o r d e r  and th e  o t h e r  f l o r a l  o r g a n s  i n  
u n i d i r e c t i o n a l  o r d e r .  P r e c o c i o u s  a p p e a ra n c e  of  t h e  c a r p e l  i s  
c o n s i s t e n t  i n  a l l  t h r e e  s p e c i e s  i n v e s t i g a t e d .  I t s  t e r m i n a l i t y  i s  
documented h i s t o l o g i c a l l y  o n ly  i n  t h e  p a p i l i o n o i d  and th e  mimosoid 
t a x a .
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C h a p te r  1
ORGAN INITIATION AND DEVELOPMENT OF INFLORESCENCES AND FLOWERS 
OF ACACIA BAILEYANA F.  MUELL. (LEGUMINOSAE: MIMOSOIDEAE)
1
2
A b s t r a c t
I n f l o r e s c e n c e  and f l o r a l  on togeny  have been s t u d i e d  i n  the  
mimosoid s p e c i e s  Acacia  b a i l e y a n a  u s i n g  s c a n n in g  e l e c t r o n  
m ic roscopy  (SEM) on buds i n  a l l  s t a g e s  o f  i n f l o r e s c e n c e  and f l o r a l  
deve lopm en t  and l i g h t  m ic roscopy  (LM) o f  s e c t i o n e d  buds  and 
i n f l o r e s c e n c e s .  The p a n i c u l a t e  i n f l o r e s c e n c e  i s  com pri sed  of  
f i r s t - o r d e r  and s e c o n d - o r d e r  i n f l o r e s c e n c e s .  F i r s t - o r d e r  b r a c t s  
a r e  p roduced  i n  a c r o p e t a l  o r d e r  by th e  f i r s t - o r d e r  i n f l o r e s c e n c e  
m e r i s t e m  and sub tend  s e c o n d - o r d e r  i n f l o r e s c e n c e  (h e a d )  m e r i s t e m s .  
The head m e r i s t e m  g i v e s  r i s e  t o  s e c o n d - o r d e r  b r a c t s  e ac h  of  which 
s u b te n d s  a s i n g l e  f l o r a l  m e r i s t e m .  A l though th e  s e c o n d - o r d e r  
b r a c t s  a p p e a r  i n  a c r o p e t a l  s equence  th e  f l o r a l  m e r i s t e m s  i n i t i a t e  
i n  t h e  b r a c t  a x i l s  s i m u l t a n e o u s l y  a f t e r  b r a c t s  a r e  fo rmed .  A l l  
f l o w e r s  i n  a head d e v e lo p  s y n c h r o n o u s ly .  The s e p a l s  and p e t a l s  of  
t h e  r a d i a l l y  s y m m e t r i c a l  f l o w e r s  a r e  a r r a n g e d  i n  a l t e r n a t i n g  
pen tam erous  w h o r l s .  There  a r e  30-40 f r e e  s tamens  and a 
u n i c a r p e l l a t e  gynoec ium. The s e p a l s  a r e  i n i t i a t e d  h e l i c a l l y  w i th  
t h e  f i r s t - f o r m e d  i n  one o f  two a b a x i a l  p o s i t i o n s .  P e t a l  p r im o r d i a  
a r e  i n i t i a t e d  s i m u l t a n e o u s l y  and a r e  a l t e r n a t e  to  t h e  s e p a l s .  
Stamen i n i t i a t i o n  b e g i n s  w i t h  t h e  f o r m a t i o n  o f  common s tamen  
p r i m o r d i a  a l t e r n a t e  to  t h e  p e t a l s  and t h e r e f o r e  o p p o s i t e  th e  
s e p a l s .  C l u s t e r s  o f  t h r e e  t o  f i v e  i n d i v i d u a l  s tamen p r i m o r d i a  
a p p e a r  upon each  of  t h e s e  common s tamen p r i m o r d i a .  The i n d i v i d u a l
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stamen p r i m o r d i a  a p p e a r  e i t h e r  a lo n g  th e  median p l a n e s  o f  th e  
common stamen p r im o r d i a  o r  l a t e r a l  to  th e  median p l a n e .  I n d i v i d u a l  
s tamen p r i m o r d i a  a p p e a r  t h e n  be tween  a d j a c e n t  common p r i m o r d i a  
fo l l o w e d  by a d d i t i o n  o f  s tamen p r i m o r d i a  c e n t r i p e t a l l y  upon th e  now 
f l a t t e n e d ,  expanded f l o r a l  a p e x .  C a rp e l  i n i t i a t i o n  o c c u r s  as  the  
f i r s t  i n d i v i d u a l  s tamen  p r i m o r d i a  a r e  formed and a f t e r  r a d i a l  
ex p a n s io n  o f  th e  apex has  d e l i m i t e d  t h e  r e m a in in g  summit .  
H i s t o l o g i c a l  s tu d y  documents i n i t i a t i o n  of  p r i m o r d i a  s e e n  i n  SEM by 
e s t a b l i s h i n g  r e l a t i v e  t i m e s  o f  o rg an  i n i t i a t i o n .  The a p i c a l  
c o n f i g u r a t i o n  s h i f t s  from t u n i c a - c o r p u s  i n  t h e  b a r e  f l o r a l  m e r i s tem  
to  m a n t l e - c o r e  w i th  s e p a l  i n i t i a t i o n .  I n i t i a t i o n  o f  a l l  f l o r a l  
o rg a n s  o c c u r s  c o n s i s t e n t l y  by means o f  p e r i c l i n a l  d i v i s i o n s  o f  th e  
o u t e r  c o r p u s  l a y e r s .  The e x p a n s io n  o f  t h e  r e c e p t a c l e  o c c u r s  a t  the  
summit and l a t e r  c o n c e n t r i c a l l y  a round th e  c a r p e l  p r im ord ium .  The 
numerous a n t i c l i n a l  d i v i s i o n s  i n  t h e  m a n t le  a r e  r e s p o n s i b l e  f o r  the  
b ro a d e n in g  o f  t h e  apex  t o  accommodate th e  l a r g e  s tamen number.  
E x h a u s t io n  o f  t h e  f l o r a l  m e r i s t e m  and p o s i t i o n  o f  t h e  c a r p e l  a r e  
con f i rm ed  th ro u g h  h i s t o l o g i c a l  s t u d y .  E n la rgem en t  and development 
o f  f l o r a l  o rg a n s  i s  d e s c r i b e d  on ly  u n t i l  t h e  s t a g e  when p e t a l s  
r e a c h  a f u l l y  v a l v a t e  c o n d i t i o n .
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INTRODUCTION— Leguminosae h a s  t h r e e  s u b f a m i l i e s :
P a p i l i o n o i d e a e , C a e s a l p i n i o i d e a e , and Mimosoideae.  The f l o r a l  
c h a r a c t e r s  t h a t  s e p a r a t e  t h e  s u b f a m i l i e s  t a x o n o m ic a l ly  a r e  a l s o  of  
p h y l o g e n e t i c  i m p o r t a n c e .  The d e v e lo p m en ta l  pathways  a r e  j u s t  
b e g i n n in g  to  be s t u d i e d  ( T u c k e r ,  1984a) f o r  o r i g i n  o f  symmetry,  
o r d e r  o f  o rgan  i n i t i a t i o n ,  p o s i t i o n  of  o r g a n s ,  a e s t i v a t i o n ,  d e g re e  
o f  f u s i o n  and l o s s  o f  p a r t s .  R e p r e s e n t a t i v e s  o f  C a e s a l p i n i o i d e a e ,  
P a p i l i o n o i d e a e  (T u c k e r ,  1984b) and Mimosoideae ( T u c k e r ,  1987 and 
1988) have been examined w i th  s can n in g  e l e c t r o n  m ic roscopy  w i th  
r e s p e c t  to  o r d e r  ( d i r e c t i o n )  o f  o rg an  i n i t i a t i o n  and f l o r a l  
symmetry,  b u t  t h e  h i s t o g e n e t i c  b a s i s  has  n o t  been  s t u d i e d  f o r  
e i t h e r .  R e l a t i v e l y  few p a p e r s  have d e a l t  w i th  f l o r a l  on togeny  of  
members o f  Mimosoideae ( A c a c i e a e ) .  Im p o r t a n t  c o n c e p t s  t o  be 
re -exam ined  i n c l u d e  th e  p o s i t i o n  of  th e  c a r p e l  ( l a t e r a l  o r  
t e r m i n a l ,  Newman, 1933,  1934) and th e  a c t i v i t y  o f  th e  common 
p r i m o r d i a  as  r e p o r t e d  i n  A cac ia  n e r i f o l i a  and Lysiloma voge l ianum  
(Gemmeke, 1982) .
Th i s  c h a p t e r  i s  th e  f i r s t  o f  t h r e e  which w i l l  com pr ise  a 
h i s t o g e n e t i c  and exomorphic  co m p a ra t iv e  s tu d y  o f  f l o r a l  development 
i n  r e p r e s e n t a t i v e s  o f  t h e  t h r e e  legume s u b f a m i l i e s .  The t r i b e  
A cac ieae  (Mimosoideae) c o n t a i n s  two g e n e r a ,  F a i d h e r b i a  A. Chev.  
and A cac ia  M i l l e r .  The l a t t e r  genus  i n c l u d e s  t h r e e  
s u b g e n e r a — A c a c i a , H e te rophy l lum  V a s s a l ,  and A c u le i f e ru m  V assa l  
( V a s s a l ,  1 9 8 1 ) .  The 1200 s p e c i e s  o f  A cac ia  sensu  l a t o  a r e  t r o p i c a l  
o r  s u b t r o p i c a l  ( E l i a s ,  1981) w i t h  o v e r  700 s p e c i e s  found i n
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A u s t r a l i a  ( B e r n h a r d t ,  1 9 8 2 ) .  Acacia  b a i l e y a n a  F.  M u e l l .  i s  
r e p r e s e n t a t i v e  o f  t h e  Mimosoideae ( T r i b e  A c a c i e a e )  i n  th e  
s u b f a m i l i a l  com par isons  b e c a u s e  i t s  f l o r a l  s t r u c t u r e  i s  
c h a r a c t e r i s t i c  o f  th e  s u b fa m i ly  and i t s  t r i b e .  The number o f  
f l o r a l  o rg a n s  i s  s t a b l e ;  c o n s e q u e n t l y ,  t h i s  s p e c i e s  makes an 
e x c e l l e n t  model f o r  o n t o g e n e t i c  s t u d y .  I t  a l s o  d i s p l a y s  some 
f e a t u r e s  o f  i n t e r e s t  such  a s  some v a r i a b i l i t y  i n  th e  o r d e r  o f  s e p a l  
i n i t i a t i o n  and th e  marked r a d i a l  e x p a n s io n  of  t h e  f l o r a l  apex  
d u r i n g  s tamen i n i t i a t i o n .  A c t i v i t y  of  t h e  f l o r a l  m e r i s t e m  i s  
t r a c e d  from th e  b a r e  f l o r a l  apex  th ro u g h  c a r p e l  i n i t i a t i o n .  
Development o f  t h e  f l o r a l  o rg a n s  i s  f o l l o w e d  u n t i l  t h e  p e t a l s  a r e  
f u l l y  v a l v a t e .
TERMINOLOGY— The te rm  a b a x i a l  i s  used  to  d e s c r i b e  th e  s i d e  of  
t h e  f l o w e r  away from th e  i n f l o r e s c e n c e  a x i s ,  and t h e  t e rm  a d a x i a l ,  
toward  th e  i n f l o r e s c e n c e  a x i s  (E s a u ,  1 977 ) .  Using th e  s u b te n d i n g  
b r a c t  ( F i g .  18,  B2) f o r  r e f e r e n c e ,  t h e  a b a x i a l  s i d e  o f  a f l o w e r  
l i e s  n e a r e s t  th e  s u b te n d i n g  b r a c t  w h i l e  t h e  a d a x i a l  s i d e  o f  the  
f l o w e r  l i e s  away from th e  s u b te n d i n g  b r a c t  (T u c k e r ,  1984b) .  With 
r e s p e c t  to  t h e  complex i n f l o r e s c e n c e  s t r u c t u r e  t h e  two o r d e r s  o f  
i n f l o r e s c e n c e  m e r i s t e m s  a r e  c a l l e d  f i r s t - o r d e r  and s e c o n d - o r d e r  
i n f l o r e s c e n c e  m e r i s t e m s .  The s e c o n d - o r d e r  i n f l o r e s c e n c e  i s  
r e f e r r e d  to  a s  a head a l t h o u g h  t h e s e  g lo b o s e  s t r u c t u r e s  a r e  no t  
heads  a s  used  i n  com pos i te  taxonomy where t h e  r e c e p t a c l e  i s  f l a t  
and b r o a d ,  b u t  a r e  r educed  b r a n c h e s  o f  a p a n i c l e .  The p r o d u c t s  of  
t h e  f i r s t - o r d e r  i n f l o r e s c e n c e  m e r i s tem  a r e  f i r s t - o r d e r  b r a c t s  ( F i g .
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4 ,  B l ) .  One head m e r i s t e m  ( F i g .  4 ,  a r ro w )  i s  formed i n  t h e  a x i l  of  
each  f i r s t - o r d e r  b r a c t .  The head m e r i s t e m  g i v e s  r i s e  to  
s e c o n d - o r d e r  b r a c t s  ( F i g .  10 ,  B2).  Each s e c o n d - o r d e r  b r a c t  ( F i g .  
13,  B2) s u b t e n d s  a s i n g l e  f l o r a l  m e r i s tem  ( F i g .  13,  f ) .  B rac t  
s c a r s  l a b e l e d  B2 ( F i g .  18) a r e  th o s e  o f  s e c o n d - o r d e r  b r a c t s .
Common p r i m o r d i a  a r e  d i s c r e t e  p o r t i o n s  o f  t h e  f l o r a l  o r  
i n f l o r e s c e n c e  m e r i s tem  t h a t  p roduce  m u l t i p l e  i n d i v i d u a l  p r i m o r d i a .  
The i n d i v i d u a l  p r i m o r d i a  p ro duced  may be p r i m o r d i a  o f  t h e  same 
o rg an  ( i n d i v i d u a l  s tamen  p r i m o r d i a )  o r  p r i m o r d i a  o f  d i f f e r e n t  
o rg a n s  ( p e t a l  and s tamen  o r  b r a c t  and f l o w e r ,  S a u ru ru s  c e r n u u s , 
T ucke r ,  1975 and H o u t tu y n i a  c o r d a t a , T u ck e r ,  1981) .
MATERIALS AND METHODS— F l o r a l  buds  o f  Acac ia  b a i l e y a n a  were 
c o l l e c t e d  by Dr.  S h i r l e y  C. Tucker  i n  t h e  Sp r ing  o f  1982 from a 
t r e e  c u l t i v a t e d  i n  a g r e e n h o u s e  a t  Kew B o ta n ic  G ardens ,  Kew,
S u r r e y ,  E ng land .  O ld e r  f l o w e r i n g  m a t e r i a l  was c o l l e c t e d  by S .C .T .  
a t  t h e  U n i v e r s i t y  o f  C a l i f o r n i a  Arbore tum,  D a v i s ,  C a l i f o r n i a  i n  
1986.  A l l  m a t e r i a l  was f i x e d  w i t h  "Kew m i x t u r e " ,  w i t h  g l y c e r i n  
s u b s t i t u t e d  f o r  a c e t i c  a c i d  o f  s t a n d a r d  FAA ( f o r m a l i n - a c e t i c  a c i d -  
50% e t h y l  a l c o h o l :  5 :  5 :  9 0 ) ,  and s t o r e d  i n  70% e t h a n o l - g l y c e r i n
( 1 :  1 ) .  The m a t e r i a l  was t r a n s f e r r e d  to  95% e t h a n o l  and s t a i n e d  i n  
a 1% s t o c k  s o l u t i o n  o f  s a f r a n i n  b e f o r e  d i s s e c t i o n s  were  made. 
T i s s u e s  i n  h i g h e r  a l c o h o l s  a r e  b r i t t l e ,  b u t  much e a s i e r  to  
m a n ip u l a t e  w h i l e  d i s s e c t i n g  th a n  m a t e r i a l  s t o r e d  i n  FAA.
S ta n d a rd  p r o c e d u r e s  o f  TBA ( t e r t i a r y - b u t y l  a l c o h o l )  
d e h y d r a t i o n  and i n f i l t r a t i o n  and embedding i n  " P a r a p l a s t  P l u s "  were
7
f o l l o w e d  f o r  a l l  buds f o r  h i s t o l o g i c a l  s t u d y .  H i s t o l o g i c a l  
s e c t i o n s  were c u t  a t  5 jim u s i n g  an American O p t i c a l  Ro ta ry  
Micro tome.  These s e c t i o n s  were s t a i n e d  w i t h  s a f r a n i n - f a s t  g r e e n  
s e r i e s  ( B e r l y n  and M iksche ,  1976) o r  t o l u i d i n e  b lu e  0 ( S a k a i ,
1 9 7 3 ) .  The l i g h t  m ic ro g ra p h s  were t a k e n  on Panatomic-X  35mm f i l m  
u s i n g  a L e i t z  O r th o p la n  m ic roscope  equ ipped  w i th  an Orthomat 
cam era .
Specimens f o r  s c a n n in g  e l e c t r o n  m ic roscopy  were d e h y d r a t e d  i n
a g rad ed  s e r i e s  t o  a b s o l u t e  e t h a n o l .  A g raded  s e r i e s  from a b s o l u t e
e t h a n o l  to  t h e  i n t e r m e d i a t e  f l u i d ,  a c e t o n e ,  was u s e d .  A l l
spec im ens  were c r i t i c a l  p o i n t  d r i e d  i n  a Denton DCP-1 C r i t i c a l
P o i n t  Drying A ppa ra tu s  u s i n g  ca rb o n  d i o x i d e  as  th e  t r a n s i t i o n
f l u i d .  Specimens were t h e n  mounted i n  T e l e v i s i o n  Tube Koat  on
o
Cambridge p i n - t y p e  s t u b s  and c o a t e d  w i th  200 A o f  g o l d - p a l l a d i u m  i n  
a Hummer S p u t t e r  C o a t e r  I I .  A l l  spec im ens  were o b s e rv e d  and 
p h o to g ra p h e d  a t  25 KeV on a H i t a c h i  S-500 s c a n n in g  e l e c t r o n  
m ic ro s co p e  w i t h  T r i -X  Ortho  A" X 5" s h e e t  f i l m .
RESULTS— I n f l o r e s c e n c e —The f lo w e r s  o f  Acac ia  b a i l e y a n a  a r e  
bo rne  i n  complex p a n i c l e s  ( F i g .  1 ) .  The s e c o n d - o r d e r  b r a n c h e s  
( F i g .  2 )  a r e  r educed  t o  t h e  p o i n t  t h a t  th e  f l o w e r s  a r e  s e s s i l e  on a 
g l o b u l a r  r e c e p t a c l e  which  i s  s u p p o r t e d  by an e l o n g a t e d  p e d u n c l e .  
There  a r e  up t o  25 h e a d s  p e r  i n f l o r e s c e n c e .  Heads c o n t a i n  16-20 
f l o w e r s  each  o f  which i s  s u b tended  by a s e c o n d - o r d e r  b r a c t .
Ontogeny o f  t h e  f i r s t - o r d e r  i n f l o r e s c e n c e —The f i r s t  o r d e r  
i n f l o r e s c e n c e  m e r i s t e m  ( F i g .  A) p ro d u ces  f i r s t - o r d e r  b r a c t s  i n  an
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a c r o p e t a l  h e l i x .  Th i s  m e r i s t e m  above th e  l a s t - f o r m e d  b r a c t  
pr im ord ium has  a h e i g h t  o f  32 pm and a d i a m e t e r  o f  80 pm ( F i g .  5 ) .  
The a p i c a l  c o n f i g u r a t i o n  i s  t u n i c a - c o r p u s  i n  which t h e r e  i s  e i t h e r  
a two o r  t h r e e - l a y e r e d  t u n i c a .  P e r i c l i n a l  d i v i s i o n s  have i n i t i a t e d  
t h e  b r a c t  p r im ord ium ( B l ,  F i g .  5 ) .  Th i s  m er i s tem  i s  a c t i v e  
t h r o u g h o u t  t h e  growing s e a s o n ,  p ro d u c in g  up to  25 h e a d s .
Ontogeny o f  t h e  h e a d — In  th e  a x i l  o f  each  f i r s t - o r d e r  b r a c t  
( F i g .  6 ,  B l ) one head m e r i s tem  a r i s e s  (H, F i g s .  4 ,  6 ) .  In  p o l a r  
view th e  head m e r i s tem  ( F i g .  6)  a p p e a r s  e l o n g a t e  t a n g e n t i a l l y .  The 
head ( F i g .  7)  i s  68 pm i n  d i a m e t e r ,  58 pm i n  h e i g h t ,  and h a s  a 
u n i s e r i a t e  t u n i c a  o v e r  a u n i f o r m ly  m e r i s t e m a t i c  c o r p u s .  Th i s  head 
p ro d u c e s  from 16 to  20 second o r d e r  b r a c t s  by p e r i c l i n a l  d i v i s i o n s  
i n  t h e  o u t e r  c o rp u s  l a y e r  ( F i g .  8 ,  a r r o w ) .  The head m e r i s tem  
rem a ins  r a t h e r  ob long  d u r i n g  t h e  e a r l i e s t  b r a c t  p r o d u c t i o n  ( F i g .
9 ) .  S e c o n d -o rd e r  b r a c t s  a r i s e  on th e  head m e r i s tem  i n  a c r o p e t a l  
h e l i c a l  o r d e r  ( F i g .  10,  1 1 ) .  A l l  f l o r a l  m e r i s tem s  a r e  i n i t i a t e d  
s y n c h ro n o u s ly  on a head ( F i g .  1 3 ) .  P r o d u c t i o n  of  f l o r a l  p r i m o r d i a  
seems to  be d e l a y e d  u n t i l  a f t e r  a l l  s e c o n d - o r d e r  b r a c t s  ( F i g .  12) 
a r e  fo rm ed.  The head m e r i s t e m  p ro d u c e s  16-20 second o r d e r  b r a c t s  
s u b t e n d i n g  f l o w e r s  and t e r m i n a t e s  i n  an  a p i c a l  res iduum ( F i g .  13, 
14 ,  r ) ,  an  anomalous s t e r i l e  b r a c t  ( F i g .  1 5 ) ,  a s t u n t e d  f lo w e r  
( F i g .  1 6 ) ,  o r  an u n i d e n t i f i e d  s t r u c t u r e  ( F i g .  1 7 ) .
F l o r a l  O rganography—Each f l o w e r  ( F i g .  3)  i n c l u d e s  f i v e  
s e p a l s ,  f i v e  p e t a l s ,  30-40  f r e e  s tamens  and a s i n g l e  c a r p e l ,  w i th  
i t s  c l e f t  o r i e n t e d  a d a x i a l l y .  There  a r e  no b r a c t e o l e s .
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Development among a l l  f l o w e r s  o f  a head ( F i g .  13,  16) i s  n e a r l y  
s ynch ronous  w i t h  s l i g h t  d e l a y s  i n  th e  uppermost  and lowermost  
f l o w e r s  p e r  h e a d .  Each f l o w e r  i s  r a d i a l l y  s y m m e tr ica l  w i t h  the  
s e p a l s  and p e t a l s  b e in g  u n i fo rm  i n  s i z e  w i t h i n  eac h  w hor l  ( F i g .  3 ) .  
The median s a g i t t a l  p l a n e  o f  t h e  f l o w e r  b i s e c t s  t h e  s u b te n d i n g  
b r a c t ,  a b a x i a l  p e t a l ,  a d a x i a l  s e p a l ,  and c a r p e l  ( F i g .  3 ) .  The 
p o s i t i o n  o f  t h e  median p e t a l  i s  d e te rm in e d  by th e  p o s i t i o n  of  the  
two a b a x i a l  s e p a l s  which l i e  t o  e i t h e r  s i d e  o f  t h e  median s a g i t t a l  
p l a n e .  A l l  f l o w e r s  i n  each  head have t h i s  a r r an g em en t  w i t h  s l i g h t  
s h i f t s  i n  s e p a l  and p e t a l  p o s i t i o n s  a n d / o r  t h e  c a r p e l  c l e f t  
r e l a t i v e  to  th e  s u b te n d i n g  b r a c t .  The s l i g h t  d e v i a t i o n s  i n  the  
c a r p e l  a l i g n m e n t  from th e  median p l a n e  a r e  n o t  r e f l e c t e d  i n  the  
o v e r a l l  symmetry o f  t h e  f l o w e r .
F l o r a l  o rg a n o g e n y — S e c o n d -o rd e r  b r a c t s  a r e  i n i t i a t e d  by the  
s e c o n d - o r d e r  i n f l o r e s c e n c e  m e r i s tem  i n  an a c r o p e t a l  h e l i x .  In  the  
a x i l  o f  each  s e c o n d - o r d e r  b r a c t  one f l o w e r  pr imordium ( F i g .  18,  f )  
i s  fo rm ed.  The b a r e  f l o r a l  m e r i s tem s  a p p e a r  ob long  t r a n s v e r s e l y .  
The b a re  f l o r a l  m e r i s tem  b e f o r e  s e p a l  i n i t i a t i o n  measures  ab o u t  75 
;im i n  d i a m e t e r ,  ab o u t  65 jam d e e p ,  and a bou t  65 îm i n  h e i g h t .  The 
f l o r a l  m e r i s t e m  has  a t u n i c a - c o r p u s  c o n f i g u r a t i o n  w i th  a u n i s e r i a t e  
t u n i c a  ( F i g .  1 9 ) .  The e n t i r e  f l o r a l  p r im ordium i s  u n i f o r m ly  
m e r i s t e m a t i c  t h r o u g h o u t .
S e p a l s — Five  s e p a l  p r i m o r d i a  a r e  i n i t i a t e d  h e l i c a l l y  b e g in n in g  
w i t h  one i n  e i t h e r  o f  t h e  two a b a x i a l  s e p a l  s i t e s  f o l lo w e d  by the  
p r im ord ium i n  t h e  median a d a x i a l  p o s i t i o n  ( F i g .  2 0 ) .  The t h i r d
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s e p a l  pr im ord ium a p p e a r s  i n  t h e  second a b a x i a l  p o s i t i o n  ( F i g .  2 0 ) .  
The f o u r t h  and f i f t h  p r i m o r d i a  a r e  t h e n  formed s u c c e s s i v e l y  i n  the  
l a t e r a l  p o s i t i o n s  ( F i g .  2 1 ) .  The d i r e c t i o n  o f  t h e  h e l i x  may be 
e i t h e r  c l o c k w i s e  a s  i n  F i g .  20 o r  c o u n t e r c l o c k w i s e .  Sequence of  
s e p a l  i n i t i a t i o n  may be d e t e rm in e d  by r e l a t i v e  s i z e s  o f  th e  
p r i m o r d i a  a t  a s t a g e  s i m i l a r  t o  F i g .  21 .  S e p a l s  i n  o t h e r  f l o w e r s  
may a p p e a r  to  be u n i fo rm  i n  s i z e  ( F i g .  22) s u g g e s t i n g  s im u l t a n e o u s  
o r d e r  o f  i n i t i a t i o n .  O c c a s i o n a l l y  th e  l a t e r a l  s e p a l s  w i l l  a p p e a r  
f o l l o w e d  by th e  a b a x i a l  s e p a l  and th e n  th e  a d a x i a l  p a i r  r e s u l t i n g  
i n  a b i d i r e c t i o n a l  s equence  ( n o t  i l l u s t r a t e d ) .  With s e p a l  
i n i t i a t i o n  t h e  f l o r a l  m e r i s tem  becomes r a d i a l l y  o r g a n i z e d .
I n i t i a t i o n  o f  s e p a l  p r i m o r d i a  o c c u r s  a s  one o r  more p e r i c l i n a l  
d i v i s i o n s  i n  t h e  o u t e r  c o rp u s  l a y e r  o f  t h e  m a n t le  ( F i g .  23 ,  a r r o w ) .  
With s e p a l  i n i t i a t i o n  t h e  a p i c a l  c o n f i g u r a t i o n  o f  th e  f l o r a l  
m e r i s t e m  has  begun to  s h i f t  from t u n i c a - c o r p u s  to  a m a n t l e - c o r e  
c o n f i g u r a t i o n  ( F i g .  2 3 ) .  V a c u o l a t i o n  o f  a few c e l l s  a t  the  
c e n t r a l  base  o f  th e  f l o r a l  m e r i s tem  ( F i g .  23) marks t h e  i n c e p t i o n  
o f  t h e  c o r e .  The s i n g l e  t u n i c a  l a y e r  i s  r e t a i n e d  and th e  m an t le  
rem ains  i n t e n s e l y  m e r i s t e m a t i c  i n  c o n t r a s t  to  th e  c o re  c e l l s  which 
e n l a r g e  and become v a c u o l a t e d .  The f l o r a l  m e r i s tem  h a s  e n l a r g e d  to  
a h e i g h t  o f  65-70 um and h a s  a d i a m e t e r  o f  75-80 jim.
P e t a l s — Five  p e t a l  p r i m o r d i a  a r i s e  s i m u l t a n e o u s l y  on th e  
f l a n k s  o f  t h e  f l o r a l  m e r i s t e m  a s  a w hor l  and a r e  a l t e r n a t e  t o  th e  
s e p a l s  ( F i g .  2 4 ) .  The median p e t a l  i s  l o c a t e d  i n  t h e  a b a x i a l  
p o s i t i o n  between th e  two a b a x i a l  s e p a l s  ( F i g .  2 4 ,  a r r o w ) .
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A f t e r  p e t a l s  a r e  i n i t i a t e d  the  f l o r a l  m e r i s tem  i s  78-85  pm i n  
h e i g h t  above th e  a x i l s  o f  t h e  s e p a l s  and i s  65-70 pm wide above the  
a x i l s  o f  the  p e t a l s .  At p e t a l  i n i t i a t i o n  th e  c o r e  o f  th e  f l o r a l  
apex i s  e n l a r g i n g  a s  more c e l l s  a p p e a r  i n c r e a s i n g l y  v a c u o l a t e  ( F i g .  
2 5 ) .  P e t a l  i n i t i a t i o n  o c c u r s  by p e r i c l i n a l  d i v i s i o n s  ( F i g .  25 ,  
a r ro w )  i n  t h e  o u t e r  c o r p u s  l a y e r s .
S tam ens— Five  common s tamen  p r i m o r d i a  ( F i g .  2 6 ,  a r r o w s )  a r e  
i n i t i a t e d  s i m u l t a n e o u s l y  i n  a n t i s e p a l o u s  p o s i t i o n s  on th e  f l a n k s  of  
t h e  f l o r a l  m e r i s t e m .  At th e  s t a r t  o f  s tamen i n i t i a t i o n  th e  f l o r a l  
m e r i s t e m  i s  47 pm i n  h e i g h t  and 93 pm wide ( F i g .  27)  measured from 
a x i l  o f  t h e  p e t a l  v e r t i c a l l y  to  t h e  summit o f  t h e  f l o r a l  a p i c a l  
m e r i s t e m .  The c o r e  i s  w e l l  e s t a b l i s h e d  u n d e r  an e v e n ly  d i s t r i b u t e d  
m a n t le  o f  m e r i s t e m a t i c  c e l l s .  There  a r e  f i v e  p l a n e s  o f  r a d i a l  
symmetry t h ro u g h  t h e  s e p a l s  and common s tamen p r i m o r d i a  and f i v e  
a d d i t i o n a l  p l a n e s  o f  symmetry t h r o u g h  th e  p e t a l  p r i m o r d i a .
The common s tamen  p r i m o r d i a  a r e  i n i t i a t e d  s i m u l t a n e o u s l y  by 
p e r i c l i n a l  d i v i s i o n s  i n  t h e  o u t e r  m a n t le  l a y e r  ( F i g .  27 ,  a r r o w s ) .  
Dur ing i n i t i a t i o n  o f  i n d i v i d u a l  s tamen p r i m o r d i a ,  t h e  f l o r a l  apex 
u n d e rg o e s  a marked t w o - s t e p  r a d i a l  e x p a n s i o n .  F i r s t ,  numerous 
a n t i c l i n a l  d i v i s i o n s  o c c u r  a t  t h e  summit o f  t h e  m e r i s t e m  i n  the  
t u n i c a  and o u t e r  c o rp u s  l a y e r s  ( F i g .  28 ,  a r r o w s ) .  The " s h o u l d e r "  
(Newman, 1936a) o f  t h e  t r u n c a t e  apex  i s  any one o f  f i v e  common 
s tamen p r i m o r d i a  ( F i g .  2 9 ) .  F i l e s  o f  p r o t o d e r m a l  c e l l s  r a d i a t e  
from th e  c e n t r a l  mound a t  t h e  summit ( F i g .  2 9 ) .  Three  to  f i v e  
i n d i v i d u a l  s tamen p r i m o r d i a  ( F i g s .  2 9 ,  30)  a r e  formed on eac h  of
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t h e  f i v e  common s tamen p r i m o r d i a .  One i n d i v i d u a l  s tamen  pr im ordium 
i s  i n i t i a t e d  f i r s t  on th e  s h o u l d e r  o f  eac h  o f  t h e  common stamen 
p r i m o r d i a .  O the r  s tamens  a r e  i n i t i a t e d  above ,  below and somewhat 
l a t e r a l l y .  These i n d i v i d u a l  s tamen p r i m o r d i a  a r e  formed by 
p e r i c l i n a l  d i v i s i o n s  i n  t h e  o u t e r  c o r p u s  l a y e r  ( F i g .  3 1 ) .
The second  s t e p  i n  r a d i a l  e x p a n s io n  o f  t h e  apex  i s  
acc o m p l i sh e d  by a n t i c l i n a l  d i v i s i o n s  t h a t  c o n t i n u e  c o n c e n t r i c a l l y  
around  th e  c e n t r a l  mound and o c c u r  be tween  th e  p e r i p h e r y  o f  t h a t  
c e n t r a l  mound and th e  l i m i t  o f  t h e  upperm os t  i n d i v i d u a l  s tamen 
p r i m o r d i a  ( F i g .  32 ,  be tween  a r r o w s ) .  The w id th  o f  t h e  a r e a  
u n d e rg o in g  e x p a n s io n  be tween  t h e  a r row s  i s  abou t  30 pm. The 
d i a m e t e r  o f  t h e  c e n t r a l  mound ( F i g .  33)  i s  a bou t  46 pm. A l l  m a n t le  
l a y e r s  a r e  i n v o l v e d  i n  a n t i c l i n a l  d i v i s i o n s  which s p re a d  th e  m a n t le  
o v e r  t h e  b road  c o r e  ( F i g .  3 2 ) .  R a d i a l  e x p a n s io n  i s  e v i d e n c e d  by 
t h e  b ro a d e n in g  o f  t h e  f l o w e r  to  125 pm d i a m e t e r  be tw een  stamen 
p r i m o r d i a .
The r a d i a l  e x p a n s i o n  o f  t h e  f l o r a l  apex  d e l i m i t s  t h e  a r e a  of  
t h e  c a r p e l  and p r o v i d e s  a d e q u a te  sp ace  ( F i g .  32) f o r  t h e  p r o d u c t i o n  
o f  numerous a d d i t i o n a l  s tamen p r i m o r d i a .  I n i t i a t i o n  o f  s tamen  
p r i m o r d i a  c o n t i n u e s  n e x t  i n  a n t i p e t a l o u s  a r e a s  and th e n  a c r o p e t a l l y  
around  th e  f l a t t e n e d  apex  to  t h e  b ase  of  th e  c a r p e l  ( F i g .  3 4 ) .  
Stamens e v e n t u a l l y  s u r ro u n d  t h e  c a r p e l  b ase  ( F i g .  3 5 ,  3 6 ) .  Four  to 
s i x  i n d i v i d u a l  s tamen  p r i m o r d i a  o c c u r  i n  i r r e g u l a r l y  v e r t i c a l  rows 
( F i g .  34)  a lo n g  r a d i i  o f  t h e  s h o u l d e r s  w h i l e  two o r  t h r e e  
i n d i v i d u a l  s tam ens  l i e  a lo n g  r a d i i  be tween s h o u l d e r s .
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C a r p e l —The c a r p e l  a p p e a r s  a s  a c i r c u l a r  mound i n  t h e  c e n t e r  
o f  th e  f l o w e r  ( F i g .  3 4 ) .  C a rp e l  i n i t i a t i o n  ( F i g .  33 ,  a r ro w )  o c c u r s  
a s  the  f i r s t  s tamen p r i m o r d i a  a r e  forming  on th e  common stamen 
p r i m o r d i a ,  d u r i n g  the  r a d i a l  e x p a n s io n  o f  t h e  summit o f  th e  f lo w e r  
( F i g .  1 9 ) .  The c a r p e l  i s  i n i t i a t e d  by a c l u s t e r  o f  a d j a c e n t  
p e r i c l i n a l  d i v i s i o n s  o f  which  one i s  s e e n  i n  F ig .  33 .  These 
d i v i s i o n s  o c c u r  i n  t h e  c e n t e r  o f  th e  rem a in in g  m e r i s t e m .  The 
f l o r a l  m e r i s t e m  i s  u t i l i z e d  c o m p le t e ly  and e x h a u s t e d  i n  the  
p r o d u c t i o n  o f  t h e  s i n g l e  c a r p e l .
The c l e f t  i s  formed when th e  c a r p e l  i s  20-30 pm i n  h e i g h t  and 
r e s u l t s  from d i f f e r e n t i a l  a p i c a l  g rowth  o f  t h e  c a r p e l  ( F i g .  3 5 ) .
The a b a x i a l  s i d e  o f  t h e  c a r p e l  grows upward f a s t e r  t h a n  th e  a d a x i a l  
s i d e  fo rming  an o b l i q u e  bow l-shaped  a r e a  i n  th e  a d a x i a l  l a t e r a l  
s u r f a c e  ( F i g .  2 2 ) .  A l l  c e l l s  a t  the  summit a r e  in v o l v e d  d i r e c t l y  
i n  the  upward o r  a p i c a l  g row th  o f  t h e  c a r p e l ,  l e a v i n g  no m er i s tem  
re m a in in g  l a t e r a l  to  t h e  c a r p e l  ( F i g .  3 5 ) .
E n la rgem en t  and d i f f e r e n t i a t i o n  o f  o r g a n s — Organ e x p a n s io n  i s  
fo l l o w e d  h e r e  o n ly  u n t i l  t h e  p e t a l s  a r e  fu s e d  i n  t h e  v a l v a t e  
p o s i t i o n  ( F i g .  4 2 ) .  S e p a l s  expand t o  r e a c h  a more o r  l e s s  v a l v a t e  
p o s i t i o n  ( F i g .  40)  when th e y  a r e  ab o u t  180 pm i n  h e i g h t  ( F i g .  40 ,  
4 1 ) .  S e p a l s  undergo  l i t t l e  a d d i t i o n a l  e x p a n s io n  a s  th e  p e t a l s  
ou tg row them i n  h e i g h t  ( F i g .  4 2 ) .
As th e  s e p a l s  r e a c h  th e  n e a r  v a l v a t e  p o s i t i o n ,  t h e  p e t a l s  
( F i g .  41 )  a r e  a bou t  80 pm i n  h e i g h t .  The d i s t a l  h a l f  o f  t h e  p e t a l  
i s  t h i c k e n e d  t o  form c a l l u s  and becomes f r i n g e d  w i th  e p i d e r m a l
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c e l l s  t h a t  i n t e r l o c k  ( F i g .  42 ,  4 3 ,  and 4 4 ) .  The p e t a l s  i n  
l o n g i t u d i n a l  s e c t i o n  ( F i g .  44)  show th e  i n t e r l o c k i n g  p a p i l l a t e  
e p i d e r m a l  c e l l s .  In  t r a n s v e r s e  s e c t i o n  th e  p ro x im a l  p e t a l  m arg ins  
a r e  b r o a d l y  a p p r e s s e d  ( F i g .  4 5 ) .  P e t a l  e x p a n s io n  and development 
i s  sy n c h ro n o u s ,  a l l  p e t a l s  b e in g  o f  e q u a l  h e i g h t  and w id th  a t  any 
p o i n t  i n  t im e .
The stamen p r i m o r d i a  grow a p i c a l l y  and a r e  c y l i n d r i c a l  i n  
l o n g i t u d i n a l  s e c t i o n  r e a c h i n g  ab o u t  t h e  same h e i g h t  a s  t h e  c a r p e l  
( F i g .  3 5 ) .  At t h e  s t a g e  when th e  c a r p e l  i s  a bou t  46 jim i n  h e i g h t  
t h e  s tamen p r i m o r d i a  a r e  ab o u t  68 ;um i n  h e i g h t  ( F i g .  3 6 ) .  A n the rs  
d i f f e r e n t i a t e  ( F i g .  38 ,  39 and 43)  when th e  p e t a l s  f i r s t  become 
v a l v a t e .
C a rp e l  deve lopm en t  beyond i n i t i a t i o n  i s  o bse rved  o n ly  u n t i l  
t h e  a s c i d i a t e  p r im ord ium  h a s  an  a d a x i a l  c l e f t  ( F i g .  36 ,  38 and 3 9 ) .
DISCUSSION— S h i f t  i n  a p i c a l  m e r i s tem  c o n f i g u r a t i o n — The f l o r a l  
apex  of  A cac ia  b a i l e y a n a  s h i f t s  from a t u n i c a - c o r p u s  c o n f i g u r a t i o n  
w i t h  one t u n i c a  l a y e r  t o  a m a n t l e - c o r e  c o n f i g u r a t i o n  a t  th e  t ime of  
s e p a l  i n i t i a t i o n ,  a s  i n  Drimys w i n t e r i  (T u c k e r ,  1959) and 
P s e u d o w in te r a  t r a v e r s i i  (Sampson,  1 9 6 3 ) .  The f l o r a l  apex  o f  Drimys 
l a n c e o l a t a  (T u ck e r  and G i f f o r d ,  1966a) has  a t u n i c a - c o r p u s  
c o n f i g u r a t i o n  t h a t  s h i f t s  t o  a z o n a t e  p a t t e r n  a s  p e t a l  i n i t i a t i o n  
b e g i n s .  The m a n t l e - c o r e  c o n f i g u r a t i o n  i s  g e n e r a l l y  found i n  l a r g e r  
a p i c e s  a l t h o u g h  th e  m e r i s tem  o f  Acac ia  b a i l e y a n a  i s  r o u g h ly  h a l f  
t h e  s i z e  ( s a g i t t a l  d i a m e t e r )  o f  Drimys w i n t e r i  and P se u d o w in te r a  
t r a v e r s i i  a s  o r g a n o g e n e s i s  b e g i n s .  O th e r  f l o w e r s  such  a s  S au ru rus
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c e rn u u s  ( T u c k e r ,  1975) a r e  o f  e q u i v a l e n t  s i z e  (30 -80  pm i n  
d i a m e t e r )  t o  A cac ia  b a i l e y a n a  b u t  do n o t  change i n  c o n f i g u r a t i o n .  
There a p p e a r s  to  be no o b v io u s  c o r r e l a t i o n  be tween  a p i c a l  s i z e  a t  
f l o r a l  o n s e t  and a s h i f t  i n  ty p e  o f  c o n f i g u r a t i o n .
Order  o f  o rg an  i n i t i a t i o n  among w h o r l s — I n  g e n e r a l  f l o r a l  
o rg a n s  i n i t i a t e  i n  an a c r o p e t a l  s equence  b e g i n n in g  w i th  s e p a l s .  
Sequence o f  o r g a n  i n i t i a t i o n  i n  A cac ia  b a i l e y a n a  i s  a c r o p e t a l  
b e g i n n in g  w i th  s e p a l s  and c o n t i n u i n g  th ro u g h  th e  common stamen 
p r i m o r d i a .  Th is  a c r o p e t a l  o r d e r  was r e p o r t e d  f o r  19 mimosoid ta xa  
which  have been  i n v e s t i g a t e d  ( T u c k e r ,  1987,  Tab le  2 ) .
E x c e p t io n  t o  t h e  p u r e l y  a c r o p e t a l  sequence  i n  A cac ia  b a i l e y a n a  
i s  the  a p p e a ra n c e  o f  t h e  c a r p e l  b e f o r e  a l l  t h e  i n d i v i d u a l  s tamen 
p r i m o r d i a  a r e  fo rmed.  C a r p e l  p r e c o c i t y  i s  r e c o rd e d  i n  th e  
f o l l o w i n g  o t h e r  legume s p e c i e s :  A cac ia  l o n g i f o l i a  and Acacia
s u a v e o le n s  (Newman, 1 9 3 6 a ) ;  E r y t h r i n a  c r i s t a - g a l l i  and Lupinus 
a l b u s  (v a n  H e e l , 1981) ;  P i t h e c e l l o b i u m  d u l c e  and B auh in ia  p u rp u r e a  
( v a n  H e e l ,  1983) and i n  Pisum s a t i v u m , P s o r a l e a  m a c r o s t a c h y a , 
D io c l e a  a f f .  u c a y a l i n a , and N ep tun ia  p u b escen s  (T u c k e r ,  1 987 ) .  
C a rp e l  p r e c o c i t y  i s  n o te d  among Leguminosae (T u c k e r ,  1984a)  w i t h  a 
u n i d i r e c t i o n a l  o r d e r  o f  o r g a n  i n i t i a t i o n .  E a r l y  c a r p e l  i n i t i a t i o n  
h a s  been no te d  among t h e  f o l l o w i n g  non- legume s p e c i e s :  H y d r o c l e i s
nymphoides ( S in g h  and S a t t l e r ,  1 9 7 3 ) ,  L im nochar i s  f l a v a  ( S a t t l e r  
and S ingh ,  1 9 7 7 ) ,  and i n  p o ly a n d ro u s  palms (Uhl and Moore,  1 980 ) .  
From a l i m i t e d  sam pl ing  p r e c o c i o u s  c a r p e l  i n i t i a t i o n  i s  a r a t h e r  
common o c c u r r e n c e .
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O rder  o f  o rg a n  i n i t i a t i o n  w i t h i n  p e r i a n t h  w h o r l s — In  Acacia 
b a i l e y a n a  o r d e r  o f  i n i t i a t i o n  w i t h i n  each  p e r i a n t h  w hor l  v a r i e s .  
S e p a l s  a r e  w hor led  b u t  a r e  i n i t i a t e d  i n  h e l i c a l  o r d e r  o r ,  l e s s  
f r e q u e n t l y ,  i n  s i m u l t a n e o u s  o r d e r .  The o r d e r  of  s e p a l s  among o t h e r  
mimosoids v a r i e s  more t h a n  f o r  any o t h e r  w h o r l ,  a l t h o u g h  h e l i c a l  
and s im u l t a n e o u s  o r d e r s  a r e  t h e  p a t t e r n s  most commonly e n c o u n te r e d  
(T u c k e r ,  1 9 8 7 ) .  The p e t a l s  a r e  whor led  i n  A. b a i l e y a n a  and a l l  
o t h e r  mimosoids  which have been  s t u d i e d  (R ohrbach ,  1870; Newman, 
1933,  1934;  S a t t l e r ,  1973; Gemmeke, 1982; Ramirez-Domenech &
T ucke r ,  1987 ,  and i n  p r e s s ;  T u c k e r ,  1 9 8 7 ) .  B au h in ia  f a s s o g l e n s i s , 
a c a e s a l p i n i o i d , i s  h e l i c a l  i n  t h e  c a l y x  and u n i d i r e c t i o n a l  i n  th e  
p e t a l s  and s tamens  (T u c k e r ,  1984 b ) .
O rder  o f  i n i t i a t i o n  o f  s t a m e n s — I n i t i a t i o n  o f  t h e  f i v e  common 
stamen p r i m o r d i a  i s  s im u l t a n e o u s  i n  A. b a i l e y a n a  and A. oxyced rus  
(R ohrbach ,  1 9 7 0 ) .  A s p i r a l  s equence  o f  i n i t i a t i o n  o f  a l l  o rg a n s  of  
b o th  A cac ia  s u a v e o le n s  and A cac ia  l o n g i f o l i a  i s  r e p o r t e d  (Newman, 
1 9 3 6 a ) ,  b u t  t h i s  work was based  on ly  on s e c t i o n s  and hence  t h i s  
c o n c l u s i o n  i s  open to  q u e s t i o n .
A p a t t e r n  o f  s tamen i n i t i a t i o n  s i m i l a r  to  t h a t  d e s c r i b e d  i n  
A cac ia  b a i l e y a n a  was r e p o r t e d  f o r  palm s p e c i e s  (Uhl and D r a n s f i e l d ,  
1984) w i t h  a t r i m e r o u s  f l o r a l  a r c h i t e c t u r e .  In  E u g e i s so n a  20-70 
s tam ens  a r i s e  i n  a s equence  t h a t  i s  a s l i g h t  v a r i a t i o n  from th e  
theme o f  common stamen p r i m o r d i a  o b s e rv e d  i n  A cac ia  b a i l e y a n a .
Three  a n t i s e p a l o u s  s tam ens  a r i s e  a s  a w h o r l .  A r i d g e  d e v e l o p s  
between th e  s tam ens  upon which numerous s tam ens  a r e  i n i t i a t e d
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s e q u e n t i a l l y  from th e  p o i n t s  toward  th e  c e n t e r .  A c t i v i t y  o f  th e  
common ( r i d g e )  p r im ord ium p ro d u c e s  21-24  s tamens  i n  a t r i a n g u l a r  
u n i t .
The o r d e r  o f  s tamen i n i t i a t i o n  seems to  be r e l a t e d  to  th e  
d i r e c t i o n  o f  t h e  e x p a n s io n  o f  t h e  m e r i s t e m .  I f  r a d i a l  e x p a n s io n  
o c c u r s  c o n c e n t r i c  to  t h e  summit ,  s tamen  i n i t i a t i o n  p r o c e e d s  
a c r o p e t a l l y .  I f  b a s a l  e x p a n s i o n  o c c u r s ,  s tamen i n i t i a t i o n  p ro c e e d s  
b a s i p e t a l l y .  Only t h ro u g h  d e t a i l e d  c o m p a ra t iv e  h i s t o l o g i c a l  s tudy  
can  t h i s  h y p o t h e s i s  be t e s t e d .
Organ p o s i t i o n — In  mimosoids such  a s  A cac ia  t h e  p e t a l  
p o s i t i o n s  a r e  b a s i c a l l y  d i f f e r e n t  from th o s e  i n  C a e s a l p i n i o i d e a e  
and P a p i l i o n o i d e a e .  I n  t h e  l a t t e r  two th e  median s e p a l  i s  l o c a t e d  
on t h e  a b a x i a l  s i d e  o f  t h e  f l o w e r  ( a d j a c e n t  t o  t h e  s u b te n d i n g  
b r a c t )  and t h e  median p e t a l  ( s t a n d a r d )  i s  l o c a t e d  on th e  a d a x i a l  
s i d e  o f  t h e  f l o w e r  ( a d j a c e n t  to  t h e  a x i s ) .  The p r e s e n t  s t u d y ,  as  
w e l l  a s  p r e l i m i n a r y  work ( D e r s t i n e  and Ramirez-Domenech,  1985) on 
r e p r e s e n t a t i v e s  i n  f o u r  mimosoid t r i b e s  (Mimoseae,  I n g e a e ,  Acac ieae  
and A d e n a n t h e r a e ) , shows t h a t  t h e s e  mimosoids have a c o n t r a s t i n g  
a r r a n g e m e n t  o f  s e p a l s  and p e t a l s  i n  which t h e  median s e p a l  i s  on 
t h e  a d a x i a l  s i d e  and t h e  median p e t a l  i s  on t h e  a b a x i a l  s i d e  of  the  
f l o w e r .
Common s tamen p r i m o r d i a —Common p r i m o r d i a  a r e  an u n u s u a l  
f e a t u r e  among legum es ,  h a v i n g  been  r e p o r t e d  on ly  i n  Pisum ( T u c k e r ,  
i n  p r e s s )  and may p ro d u ce  s i m i l a r  o r g a n s .  In  Acac ia  b a i l e y a n a  the  
common s tamen p r i m o r d i a  a r e  i s o l a t e d  i s l a n d s  o f  a c t i v i t y  p r o d u c in g
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c l u s t e r s  o f  t h r e e  t o  f i v e  s t a m e n s .  In  L im nochar i s  f l a v a  ( S a t t l e r  
and S i n g h , 1977) e a c h  o f  t h e  common stamen p r im o r d i a  g iv e  r i s e  to  
t h r e e  i n d i v i d u a l  s tamen  p r i m o r d i a .  The m e r i s t e m a t i c  a c t i v i t y  
s p r e a d s  be tw een  t h e s e  " p r im a ry  a n d r o e c i a l  p r i m o r d i a "  to  form a 
r i n g .  The " r i n g "  o r  " r i n g w a l l "  s e e n  by Gemmeke (1982)  i n  Acac ia  
n e r i i f o l i a  i s  n o t  e v i d e n t  i n  A cac ia  b a i l e y a n a  y e t  th e  sequence  of  
t h e  l a t e r a l  s p r e a d  o f  t h e  s tam ens  toward  th e  c e n t e r  i s  s i m i l a r .
The common s tamen  p r i m o r d i a  d e s c r i b e d  h e r e  more c l o s e l y  app ro x im a te  
t h e  " e p i s e p a l o u s  p r im a ry  p r i m o r d i a "  r e p o r t e d  i n  Lysiloma voge l ianum  
(Gemmeke, 1 9 8 2 ) .
Common p r i m o r d i a  may p ro d u ce  d i f f e r e n t  o r g a n s .  In 
i n f l o r e s c e n c e  on togeny  o f  S a u ru ru s  c e rn u u s  ( T u c k e r ,  1 979 ) ,  and 
H o u t tu y n i a  ( T u c k e r ,  1981)  e a c h  common pr im ord ium forms a b r a c t  and 
a f l o r a l  m e r i s t e m .  A s i n g l e  pr im ord ium i n  I s c h n o s ip h o n  e l e g a n s  
( K i r c h o f f ,  1983)  g i v e s  r i s e  t o  two f l o w e r s  i n  a cymule.  One common 
p e t a l - s t a m e n  pr im ord ium  p ro d u c e s  one p e t a l  p r im ordium and two 
s tamen  p r i m o r d i a  i n  Alisma t r i v i a l e  (S in g h  and S a t t l e r ,  1 9 7 2 ) .  
Common s t a m e n - p e t a l  p r i m o r d i a  a l s o  a r e  r e p o r t e d  i n  many P r i m u l a l e s  
( S a t t l e r ,  1 9 6 7 ) .
M u l t i s t a m e n y —Among legum es ,  m u l t i s t a m e n y  i s  a s p e c i a l i z a t i o n  
o c c u r r i n g  p r i n c i p a l l y  i n  two mimosoid t r i b e s :  A cac ieae  and I n g e a e .
In  A recaceae  (Uhl & D r a n s f i e l d ,  1984) i t  a l s o  i s  a d e r i v e d  
c o n d i t i o n .  However,  t h e  p o s s e s s i o n  o f  numerous f r e e  s tam ens  has  
t r a d i t i o n a l l y  been  c o n s i d e r e d  a p r i m i t i v e  c o n d i t i o n ,  f o r  example i n  
Ranunculus  ( T e p f e r ,  1 9 5 3 ) ,  Drimys ( T u c k e r ,  1959;  Tucker & G i f f o r d ,
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1966a,  b)  and P se u d o w in te r a  (Sampson.  1 9 6 3 ) .  In p r i m i t i v e  f l o w e r s ,  
a l l  s tamens  a r i s e  s i n g l y  i n  a p p r o x im a te ly  h e l i c a l  o r d e r ,  w h i l e  i n  
t h e  mimosoid and a r e c o i d  exam ples ,  t h e  m u l t i p l e  s tamens  f r e q u e n t l y  
a r i s e  from common p r i m o r d i a ,  r i n g  m e r i s t e m s ,  o r  a f t e r  l a t e  r a d i a l  
e x p a n s io n  o f  t h e  r e c e p t a c l e ,  a s  i n  A cac ia  b a i l e y a n a . The e x p a n s io n  
o f  th e  f l o r a l  m e r i s tem  p r o v i d e s  a d d i t i o n a l  space  f o r  i n c r e a s e d  
numbers o f  o r g a n s .  In  A. b a i l e y a n a  th e  r a d i a l  e x p a n s io n  p r o v i d e s  a 
broadened  p l a t e a u  upon which  t h e  numerous s tamens  a r e  i n i t i a t e d  
a c r o p e t a l l y .  The f i r s t  d i v i s i o n s  o c c u r  a t  th e  summit and d e l i m i t  
t h e  a r e a  o f  t h e  c a r p e l .  The a n t i c l i n a l  d i v i s i o n s  c o n c e n t r i c  to  th e  
c a r p e l  b u t t r e s s  i n c r e a s e  t h e  s u r f a c e  f o r  s tamen p r i m o r d i a  to  f i l l  
i n  to  t h e  b ase  o f  c a r p e l .  The o v e r a l l  r e s u l t  o f  t h e  r a d i a l  
ex p a n s io n  i s  a s u b s t a n t i a l  i n c r e a s e  i n  f l o w e r  d i a m e t e r  compared to  
t h e  d i a m e t e r  o f  t h e  f l o w e r  a t  s e p a l  and p e t a l  i n i t i a t i o n .  O ther  
mimosoids p a r t i c u l a r l y  i n  t h e  t r i b e s  A cac ieae  and In g eae  a l s o  show 
p r o l i f e r a t i o n  o f  s tamens  (Gemmeke, 1982;  Ramirez-Domenech and 
T u ck e r ,  1 9 8 7 ) .  B e r n h a r d t  and Walker  (1984 )  r e p o r t  i n  d i s c u s s i o n  on 
bee f o r a g i n g  g r e a t e r  t h a n  f i v e  hundred  s tamens  i n  A> m y r t i f o l i a .
I t  i s  n e c e s s a r y  t o  i n v e s t i g a t e  t a x a  such  a s  A. m y r t i f o l i a  
d e v e l o p m e n t a l l y  t o  d e t e r m i n e  sequence  o f  s tamen p r o d u c t i o n  by the  
f l o r a l  a p e x .  W i th in  Mimosoideae ,  t h e  m u l t i s t a m i n a t e  t a x a  such  a s  
A. b a i l e y a n a  a r e  c o n s i d e r e d  d e r i v e d  w h i l e  t h e  h a p l o -  and 
d i p l o s t e m o n o u s  t a x a  such  a s  Mimosa ( Ramirez-Domen/ch,  p e r s .  comm.) 
and N ep tu n ia  ( T u c k e r ,  1988) a r e  viewed a s  more p r i m i t i v e .  There i s  
a t r e n d  toward  u t i l i z i n g  t h e  expanded apex r a t h e r  th a n  th e  p roposed
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i n c r e a s e  i n  s t e r i l i z a t i o n  o f  f l o w e r s  t h ro u g h  d e c r e a s e d  use  o f  the  
f l o r a l  m e r i s t e m .  I t  c a n n o t  be d e t e rm in e d  i f  t h e  e x p a n s io n  i s  the  
ca u s e  o r  th e  e f f e c t ,  nor  can  i t  be s t a t e d  t h a t  th e  s tamen  numbers 
i n c r e a s e  i s  due to  th e  e x p a n s e .
There a r e  o t h e r  examples  o f  an i n c r e a s e  i n  t h e  f l o r a l  m e r i s tem  
t o  accommodate l a r g e  numbers o f  f l o r a l  o r g a n s .  In  t h e  palm 
E u g e i s so n a  (Uhl and D r a n s f i e l d ,  1984) an  a n t e p e t a l o u s  t r i r a d i a t e  
r i d g e  expands  t o  p r o v id e  space  f o r  th e  s u b se q u e n t  p r o d u c t i o n  of  
numerous s t a m e n s .  In  c o n t r a s t  t h e  f l o r a l  m er i s tem  i n  L im nochar i s  
f l a v a  ( S a t t l e r  and S in gh ,  1977) i n c r e a s e s  to  p roduce  numerous 
s t a m e n s .  Th is  i n c r e a s e  o c c u r s  i n  h e i g h t  b a s a l l y  a f t e r  which  th e  
i n d i v i d u a l  s tam ens  a r e  i n i t i a t e d  c e n t r i f u g a l l y . The f l o r a l  apex of  
I l l i c i u m  f l o r i d a n u m  (R o b e r t s o n  and T ucke r ,  1979) i n c r e a s e s  i n  
h e i g h t  and w id th  d u r i n g  i n i t i a t i o n  o f  f l o r a l  o rg a n s  and r e a c h e s  
maximum w id th  b e f o r e  c a r p e l  i n i t i a t i o n .
S o l i t a r y  c a r p e l  p o s i t i o n  and f a t e  of  th e  f l o r a l  
m e r i s t e m —C a rp e l  p o s i t i o n  and f a t e  o f  t h e  f l o r a l  m e r i s t e m  a r e  
i m p o r t a n t  i n  i n t e r p r e t i n g  t h e  c a r p e l  a c c o r d i n g  to  t h e  c l a s s i c a l  
t h e o r y  a s  a c o n d u p l i c a t e  l e a f l e t  o r  a p e l t a t e  l e a f l e t  ( v a n  H ee l ,  
1 9 8 1 ) .  The c a r p e l  i n  A cac ia  b a i l e y a n a  a p p e a r s  to  be t e r m i n a l  
b e c a u se  i t  i n i t i a t e s  a t  t h e  summit o f  t h e  m e r i s tem  and l e a v e s  no 
a p i c a l  r e s iduum .  Newman (1933 )  conc luded  t h a t  th e  c a r p e l  o f  Acacia  
b a i l e y a n a  l i e s  i n  a l a t e r a l  p o s i t i o n  w i th  an a p i c a l  re s iduum  a t  th e  
b a s e ,  a l t h o u g h  h i s  h i s t o l o g i c a l  s e c t i o n s  do n o t  show a r e s iduum .
To s u b s t a n t i a t e  h i s  a rg u m e n t ,  he r e f e r s  t o  an anomalous  f l o w e r  t h a t
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produced  a f l o w e r  a t  th e  b ase  o f  t h e  c a r p e l .  In  b o th  Amhers t i a  
n o b i l i s  (van  H e e l ,  1983) and A l b i z z i a  l o p h a n th e  ( S a t t l e r ,  1973) ,  a 
second n o n - f u n c t i o n a l  c a r p e l  o c c a s i o n a l l y  o c c u r s  i n  t h e  p u r p o r t e d  
a r e a  o f  t h e  r e s i d u a l  a p e x .  In  view o f  t h e s e  r e p o r t s ,  Newman's 
f i n d i n g  a second f l o w e r  i s  n o t  s u r p r i s i n g .
In  legumes  C a l l i a n d r a  t e t r a g o n a , Lupinus  a l b u s  and E r y t h r i n a  
c r i s t a - g a l l i  ( v a n  H e e l ,  1981) i n i t i a t i o n  o f  t h e  s i n g l e  c a r p e l  
p r im ordium e x h a u s t s  th e  a p i c a l  m e r i s t e m .  In  t h e  C a s s i a  s p e c i e s  
i n v e s t i g a t e d  by van Heel  ( 1 9 8 1 ) ,  t h e  c a r p e l  i s  formed on th e  s i d e  
o f  t h e  f l o r a l  apex  b u t  l a t e r  i n  development t h e  whole f l o r a l  apex 
has  become c a r p e l .  In  t h e  same i n v e s t i g a t i o n ,  van Heel  (1981)  
s t a t e s  t h a t  th e  f l o r a l  apex  o f  an  A l b i z z i a  s p e c i e s  i s  i n i t i a l l y  
changed i n t o  t h e  o b l i q u e  bow l-shaped  c a r p e l  p r im ord ium ,  b u t  i s  
" w e l l  dem arca ted  from t h e  f l o r a l  a p e x . "  The c a r p e l  p r i m o r d i a  i n  
th e s e  s p e c i e s  a r e  o b l i q u e l y  b o w l - s h a p e d .  The c l e f t  becomes l a t e r a l  
a s  the  a b a x i a l  m arg ins  grow more r a p i d l y  t h a n  th e  a d a x i a l  m arg ins  
r e s u l t i n g  i n  an a s c i d i a t e  s t r u c t u r e .
Newman (1936a & b) co n c lu d ed  t h a t  t h e  c a r p e l  i n  Acacia  
s u a v e o le n s  and Acac ia  l o n g i f o l i a  i s  l a t e r a l .  His d e t e r m i n a t i o n  was 
based  on a c a r p e l  a f t e r  c l e f t  f o r m a t i o n  a t  t h e  t ime th e  c a r p e l  i s  
1-2 mm i n  h e i g h t .  He o b s e rv e d  th e  c a r p e l  to  be an i n r o l l e d  f o l i a r  
s t r u c t u r e  l e a v i n g  a re s iduum  a s  t h e  m a rg in s  o f  t h e  c a r p e l  began 
d i f f e r e n t i a l  g ro w th .  Thompson (1936)  r e - i n t e r p r e t e d  Newman's 
e v i d e n c e  and a s s e r t e d  t h a t  legumes  i n  b o th  t h o s e  s p e c i e s  a r e  
t e r m i n a l •
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Developm enta l  e v i d e n c e  o f  t e r m i n a l  c a r p e l s  i s  r e p o r t e d  i n  
v a r i o u s  non- legume t a x a :  Drimys l a n c e o l a t a  (T u ck e r  and G i f f o r d ,
1 9 6 6 a ,b )  and P se u d o w in te r a  t r a v e r s i i  (Sampson and K ap lan ,  1970) .  
In  each  s p e c i e s  t h e  e n t i r e  apex  i s  " t r a n s f o r m e d "  i n t o  t h e  c a r p e l  
p r im ord ium .  T h i s  f i n d i n g  a g r e e s  w i th  my i n t e r p r e t a t i o n  o f  the  
Acac ia  c a r p e l  a s  t e r m i n a l .
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Fig .  1-3.  Diagram s of  f i r s t - o r d e r  and s e c o n d - o r d e r  i n f l o r e s c e n c e  and 
o f  t h e  f l o w e r  i n  A cac ia  b a i l e y a n a . 1. Diagram of  f i r s t - o r d e r  
i n f l o r e s c e n c e ,  1°,  w i t h  h e a d s ,  2°.  2. Diagram of  head .  S e c o n d -o rd e r
b r a c t ,  B. F lo w er ,  f .  3. F l o r a l  d ia g ra m .  Axis  o f  head ,  a .  Second-  
o r d e r  b r a c t ,  B. S e p a l ,  S. P e t a l s ,  P. S t a m e n s ,  S t .  C a r p e l ,  C.
29
30
Fig .  4 -11 .  F i r s t - o r d e r  and s e c o n d - o r d e r  i n f l o r e s c e n c e  deve lopm en t .  
F i g .  4 ,  6 ,  a n d  9 -1 1  a r e  SEM m i c r o g r a p h s .  F o r  F i g .  5,  7,  8 a r e  
l o n g i s e c t i o n s .  For  F i g .  4 - 1  a n d  9 - 1 1 ,  Bar  = 50 yum. F o r  F i g .  8 ,  Bar  = 
30 /im. P o l a r  v iew  o f  f i r s t - o r d e r  i n f l o r e s c e n c e ,  1°,  f i r s t - o r d e r  
b r a c t s  and s e c o n d - o r d e r  i n f l o r e s c e n c e  m e r i s t e m ,  2° ,  p r i m o r d i a .  F i r s t -  
o r d e r  b r a c t s ,  Bl .  5. F i r s t - o r d e r  i n f l o r e s c e n c e  m e r i s t e m  w i t h  t u n i c a -  
c o rp u s  a p i c a l  c o n f i g u r a t i o n .  6. Head m e r i s t e m  i n  a x i l  o f  f i r s t - o r d e r  
b r a c t ,  Bl.  7. Near median  s a g i t t a l  s e c t i o n  t h r o u g h  s e c o n d - o r d e r  
i n f l o r e s c e n c e  m e r i s t e m  b e f o r e  o r g a n o g e n e s i s  b e g i n s .  8. Head m e r i s t e m  
w i t h  c e l l s  r e s u l t i n g  from p e r i c l i n a l  d i v i s i o n s ,  a t  a r r o w s ,  i n i t i a t i n g  
s e c o n d - o r d e r  b r a c t s .  9. Head m e r i s t e m  w i t h  s e c o n d - o r d e r  b r a c t s  
formed  low on t h e  f l a n k s  o f  t h e  m e r i s t e m .  F i r s t - o r d e r  b r a c t ,  Bl ,  t o
l e f t .  10. A d a x ia l  v iew  o f  head .  S e c o n d -o rd e r  b r a c t  p r i m o r d i a ,  B2. 
11. Near p o l a r  a d a x i a l  v ie w  o f  head  i n  F ig .  10. Order  o f  app e a ra n c e  




F i g .  1 2 -17 .  Development o f  head and f a t e  o f  t h e  head m er i s tem  
a f t e r  i n i t i a t i o n  o f  s e c o n d - o r d e r  b r a c t s  i s  c o m p le t e .  12.  
S e c o n d -o rd e r  b r a c t s  formed from b a s e  o f  head t o  n e a r  summit of  
m e r i s t e m .  No f l o r a l  a p i c e s  p r e s e n t .  Bar = 50 pm. 13.  P o l a r  
view o f  h e a d .  A l l  s e c o n d - o r d e r  b r a c t s  removed t o  r e v e a l  f l o r a l  
m e r i s t e m s ,  f .  B rac t  s c a r  a t  a r row  s u b te n d s  no f l o w e r .  Bar =
50 pm. 14.  P o l a r  view o f  head w i th  f l o w e r s  b e g i n n in g  
o r g a n o g e n e s i s .  A p ic a l  r e s iduum  a t  a r ro w .  Two b r a c t s  l a t e r a l  to  
re s iduum  w i t h  no a p p a r e n t  f l o r a l  m e r i s tem s  fo rmed.  Bar = 50 pm. 
15.  Head w i t h  anomalous  b r a c t .  Bar = 500 pm. 16.  P o l a r  view 
o f  head i l l u s t r a t i n g  n e a r  synchronous  g rowth  o f  f l o w e r s .  Bar = 
50 pm. 17.  A b o r t iv e  b r a c t  o r  anomalous  upgrowth  o f  a p i c a l  
r e s iduum  a t  a r ro w .  Bar = 50 pm.

34
F i g .  1 8 -2 5 .  F l o r a l  o r g a n o g e n e s i s  o f  s e p a l s  and p e t a l s  o f  Acacia  
b a i l e y a n a . F i g s .  18 ,  2 0 - 2 2 ,  and 24 a r e  SEM m i c r o g r a p h s .  F ig .  
19 ,  23 and 25 a r e  l o n g i s e c t i o n s .  Sub tend ing  b r a c t s  have been 
removed on a l l  SEM s p e c im e n s .  A l l  b a r s  on SEM a r e  50 ^um. B, 
b r a c t .  S, s e p a l .  P,  p e t a l .  S t ,  s tam en .  18.  P o l a r  view o f  th e  
s e c o n d - o r d e r  i n f l o r e s c e n c e .  Bare f l o r a l  m e r i s t e m s  v i s i b l e .  19.  
Median s a g i t t a l  s e c t i o n  o f  b a r e  f l o r a l  m e r i s t e m .  2 0 .  Th i rd  
s e p a l  fo rm ed .  S e p a l s  numbered i n  c lo c k w is e  h e l i c a l  o r d e r  of  
i n i t i a t i o n .  2 1 .  A l l  s e p a l s  p r e s e n t  and numbered i n  o r d e r  o f  
t h e i r  i n i t i a t i o n .  D i f f e r e n t  s i z e s  r e f l e c t  o r d e r  o f  a p p e a r a n c e .  
A l l  p e t a l s  have  i n i t i a t e d ,  o n ly  one i s  l a b e l l e d .  2 2 .  A l l  s e p a l s  
p r e s e n t ,  one l a b e l l e d  b u t  o r d e r  n o t  o b v i o u s .  2 3 .  Sepa l  
i n i t i a t i o n :  w a l l  r e s u l t i n g  from p e r i c l i n a l  d i v i s i o n  a t  a r ro w .
Apex i s  non-m ed ian .  2 4 .  S im u l tan e o u s  p e t a l  i n i t i a t i o n .  25 .  
Median s a g i t t a l  s e c t i o n  o f  p e t a l  p r im ord ium .  Arrow i n d i c a t e s  
p e r i c l i n a l  w a l l  a f t e r  i n i t i a t o r y  d i v i s i o n .
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F i g .  2 6 - 3 3 .  Stamen and c a r p e l  i n i t i a t i o n .  F i g .  26 ,  29 ,  and 30 
a r e  SEM p r e p a r a t i o n s ;  F i g .  27 ,  28 ,  31-33 a r e  l o n g i s e c t i o n s  of  
f l o w e r s .  Organs and o rg a n  s c a r s  ( f rom  rem ova l )  a r e  l a b e l e d  as  
s e p a l  ( S ) ,  common s tamen p r im ord ium ,  S t ,  o r  p e t a l  ( P ) .  A l l  b a r s  
= 50 jim. 26 .  I n i t i a t i o n  o f  f i v e  common s tamen p r i m o r d i a  i n  
a n t i p e t a l o u s  p o s i t i o n s .  Three  a r e  i n d i c a t e d  by a r r o w s .  Some 
s e p a l s  and some p e t a l s  removed.  27 .  I n i t i a t i o n  o f  common 
s tamen  pr im ord ium .  P e r i c l i n a l  d i v i s i o n s  i n i t i a t i n g  common 
s tamen pr im ord ium a t  a r r o w s .  2 8 .  R a d i a l  e x p a n s io n  b e g i n n in g  a t  
c e n t e r  o f  summit a t  t h e  t ime o f  common stamen pr im ordium 
i n i t i a t i o n .  A n t i c l i n a l  d i v i s i o n s  a t  a r r o w s .  Apex i s  n o t  median 
f o r  any p r im ord ium .  29 .  I n d i v i d u a l  s tamen  p r i m o r d i a  ( a t  a r ro w s)  
formed on common s tamen  p r im ord ium .  Four  s e p a l s  and two p e t a l s  
removed.  C e n t r a l  mound i s  c a r p e l .  F i l e s  o f  t u n i c a  c e l l s  
r a d i a t e  on f l a n k s  o f  t h e  a p e x .  30 .  F lower  w i t h  s l i g h t l y  o l d e r  
i n d i v i d u a l  s tamen  p r i m o r d i a  m o s t ly  i n  a n t i p e t a l o u s  p o s i t i o n s .  
S e p a l s  and p e t a l s  removed.  C a rp e l  ( C ) .  31 .  Median s e c t i o n  w i th  
two i n d i v i d u a l  s tamen p r i m o r d i a  ( a r r o w s )  a t  l e f t .  32 .  Apex i s  
u n d e rg o in g  r a d i a l  e x p a n s io n  c e n t r a l  to  s t a m e n s .  Flower  w i th  
a n t i c l i n a l  d i v i s i o n s  o f  r a d i a l  e x p a n s io n  (be tw ee n  a r r o w s )  i n  
s u b s u r f a c e  t u n i c a  l a y e r  above upperm os t  i n d i v i d u a l  s tamen 
p r im ord ium and c a r p e l .  33 .  C a rp e l  i n i t i a t i o n  c o r r e s p o n d i n g  to  
s t a g e  i n  F i g .  15 p e r i c l i n a l  d i v i s i o n  a t  a r ro w .  S, s tam en .
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F i g .  3 4 -3 9 .  Expans ion  and d i f f e r e n t i a t i o n  o f  c a r p e l  and 
a n t h e r s .  F i g .  34 ,  36 ,  38 and 39 a r e  SEM p r e p a r a t i o n s .  F i g .  35 
and 37 a r e  l o n g i s e c t i o n s .  Bars = 50 pm. 34 .  Stamen p r i m o r d i a  
a l l  a round  c a r p e l  i n c l u d i n g  i n  a n t i p e t a l o u s  p o s i t i o n s  and upon 
f l a n k s  o r  p l a t e a u  t o  b a s e  o f  c a r p e l  (mound i n  c e n t e r  of  
f l o w e r ) .  35 .  C a r p e l  th r o u g h  c l e f t ,  a b a x i a l  s i d e  to  l e f t ,  
a d a x i a l  s i d e  to  r i g h t .  3 6 .  P o l a r  view o f  c a r p e l  w i th  
w e l l - f o r m e d  c l e f t  and c y l i n d r i c a l  s t a m e n s .  3 7 .  C a rp e l  a t  s t a g e  
s i m i l a r  t o  F i g .  23 .  Stamens c y l i n d r i c a l ,  c a r p e l  w i th  w e l l  
d e f i n e d  c l e f t .  38 .  P o l a r  view of  f l o w e r ,  a n t h e r  
d i f f e r e n t i a t i o n .  39 .  L a t e r a l  view c a r p e l  and s tam ens  w i t h  
a n t h e r s  d i f f e r e n t i a t i n g .
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AO
F i g .  AO-A5. Sepa l  and p e t a l  a e s t i v a t i o n .  40 .  S e p a l s  a p p ro a c h in g  
v a l v a t e  c o n d i t i o n .  Bar = 50 yum. 4 1 .  P e t a l s  (P )  a t  t h e  t ime 
s e p a l s  r e a c h  n e a r  v a l v a t e  p o s i t i o n .  Bar = 50 pm. 4 2 .  P e t a l s  
f u l l y  v a l v a t e  and f u s e d .  D i s t a l  h a l f  o f  p e t a l  m a rg in  w i th  
i n t e r l o c k i n g  h a i r s  a t  a r r o w s .  Bar = 50 pm. 4 3 .  Two p e t a l s  i n  
l a t e r a l  view showing d i s t a l  t h i c k e n i n g  o f  p e t a l .  O th e r  p e t a l s  
removed.  Stamens w i t h  d i f f e r e n t i a t e d  a n t h e r s .  C a r p e l ,  C. Bar = 
50 pm. 4 4 .  S e c t i o n  o f  p e t a l  m a rg ins  showing i n t e r l o c k i n g  h a i r s .  
Bar = 10 pm. 45 .  T r a n s v e r s e  s e c t i o n  o f  f l o w e r  showing p ro x im a l  
h a l f  o f  p e t a l  m a rg in s  ( a r r o w )  a p p r e s s e d  w i t h  no i n t e r l o c k i n g  
h a i r s .  S e p a l ,  S. Bar = 20 pm.
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Chapter 2




A b s t r a c t
I n f l o r e s c e n c e  o n to g e n y ,  h i s t o l o g y ,  and u n i d i r e c t i o n a l  f l o r a l  
o rg a n  i n i t i a t i o n  h a s  b een  s t u d i e d  i n  Lupinus  h a v a r d i i  Wats.  
(L eg u m in o s ae : P a p i l i o n o i d e a e ) .  The f l o w e r s ,  b o rn e  i n  a raceme,
eac h  have f i v e  s e p a l s ,  f i v e  p e t a l s ,  t e n  s tamens  i n  two w h o r l s  of  
f i v e  and a u n i c a r p e l l a t e  gynoec ium. The f l o r a l  o r g a n s  i n i t i a t e  
u n i d i r e c t i o n a l l y  w i t h i n  each  w h o r l .  W i th in  a w hor l  t h e  o rg a n s  
i n i t i a t e  f i r s t  on t h e  a b a x i a l  s i d e  o f  t h e  f l o r a l  m e r i s t e m ,  fo l l o w e d  
by i n i t i a t i o n  o f  l a t e r a l  o rg a n s  and th e n  a d a x i a l  o r g a n s .  Between 
w h o r l s  o rg a n  i n i t i a t i o n  o v e r l a p s  i n  th e  t ime o f  i n i t i a t i o n .  The 
a b a x i a l  s e p a l  i s  f o l lo w e d  im m e d ia te ly  by l a t e r a l  s e p a l s  which 
i n i t i a t e  b e f o r e  t h e  f i r s t  a b a x i a l  p e t a l s  a r e  fo rm ed .  The k e e l  
p e t a l s  a r e  fo l l o w e d  by t h e  wing p e t a l s  which  i n i t i a t e  b e f o r e  
a d a x i a l  s e p a l s  a p p e a r .  A bax ia l  f i r s t - w h o r l  s tam ens  a r e  i n i t i a t e d  
b e f o r e  t h e  a d a x i a l  median p e t a l  ( s t a n d a r d ) .  A ppearance  o f  th e  
a d a x i a l  s e p a l s ,  a d a x i a l  p e t a l s ,  and a d a x i a l  f i r s t - w h o r l  s tamens  i s  
f o l l o w e d  by th e  c a r p e l  p r im ord ium .  The seco n d -w h o r l  s tam ens  a r e  
t h e  l a s t  f l o r a l  o rg a n s  t o  be formed and f o l l o w  t h e  u n i d i r e c t i o n a l  
sequence  from a b a x i a l  t o  a d a x i a l  s i d e  o f  t h e  f l o w e r .  The v e x i l l a r y  
(m edian  a d a x i a l  a n t i p e t a l o u s )  s tamen  i s  t h e  l a s t  p r o d u c t  o f  the  
f l o r a l  m e r i s t e m .  Dur ing mid -deve lopm en t  t h e  c a l y x  tu b e  i s  formed 
and th e  f i l a m e n t  tube  b e g i n s  i n t e r c a l a r y  g ro w th .  P e t a l  s c u l p t u r i n g  
o c c u r s  d u r i n g  p e t a l  e x p a n s i o n .
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INTRODUCTION— I t  i s  t h e  p u rp o s e  o f  t h i s  work t o  s t u d y  th e  
on togeny  o f  t h e  f l o r a l  m e r i s t e m  d u r i n g  f l o r a l  o rg a n  i n i t i a t i o n  i n  a 
p a p i l i o n o i d  legume,  Lup inus  h a v a r d i i  Wats.  (Legum inosae :
G e n i s t a e ) ,  i n  o r d e r  t o  compare on togeny  w i th  t h a t  o f  o t h e r  
s u b f a m i l i a l  r e p r e s e n t a t i v e s .  Sequence o f  f l o r a l  o rg a n  i n i t i a t i o n  
h a s  been  s t u d i e d  i n  a v a r i e t y  o f  p a p i l i o n o i d  legum es ,  b u t  n e v e r  
u s i n g  b o th  SEM and h i s t o l o g i c a l  e v i d e n c e .  The two s u b f a m i l i e s  
d i f f e r  i n  t h a t  t h e  p a p i l i o n o i d s  have u n i d i r e c t i o n a l  f l o r a l  o rg a n  
i n i t i a t i o n  i n  s e p a l ,  p e t a l  and s tamen w h o r l s ,  w h i l e  c a e s a l p i n i o i d s  
s t u d i e d  so f a r  show v a r i a b i l i t y  i n  o r d e r  o f  i n i t i a t i o n .  The s e p a l s  
o f  c a e s a l p i n i o i d s  i n i t i a t e  h e l i c a l l y  o r  u n i d i r e c t i o n a l l y  a c c o r d i n g  
t o  s p e c i e s .
MATERIALS AND METHODS— A v o u c h e r  spec im en  and f l o r a l  buds  were 
c o l l e c t e d  i n  A p r i l ,  1982 by KSD i n  Big Bend N a t i o n a l  P a r k ,  B rew s te r  
County ,  Texas by p e r m i s s i o n  from t h e  N a t i o n a l  Pa rk  S e r v i c e .  A l l  
m a t e r i a l  was f i x e d  i n  t h e  f i e l d  and s t o r e d  i n  FAA ( f o r m a l i n - e t h y l  
a l c o h o l - a c e t i c  a c i d ) .  A l l  t i s s u e  s e c t i o n e d  f o r  a n a t o m i c a l  s tu d y  
was d e h y d r a t e d  i n  s t a n d a r d  t e r t i a r y - b u t y l  a l c o h o l  (TBA) s e r i e s  and 
i n f i l t r a t e d  and embedded i n  " P a r a p l a s t  P l u s " .  Buds were  s e c t i o n e d  
a t  4 o r  5 jum w i t h  an Amer ican O p t i c a l  R o ta ry  M icro tome.  The 
s e c t i o n s  were mounted on m ic ro s co p e  s l i d e s  and s t a i n e d  w i t h  e i t h e r  
s a f r a n i n - f a s t  g r e e n  s e r i e s  o r  t o l u i d i n e  b lu e  0 and mounted i n  
Permount .  L i g h t  m ic r o g r a p h s  were t a k e n  on a L e i t z  O r th o lu x  
compound m ic ro s co p e  w i t h  an Orthomat 35 mm cam era .
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B efore  d i s s e c t i o n s  were  made t h e  buds  were moved to  95% 
e t h a n o l  and s t a i n e d  i n  a 1% s a f r a n i n  s t o c k  s o l u t i o n .  The t i s s u e  
s t o r e d  i n  t h e  h i g h e r  a l c o h o l  becomes b r i t t l e  and i s  e a s i e r  to  
d i s s e c t .
A d d i t i o n a l  m a t e r i a l  was t a k e n  th ro u g h  t h e  h i g h e r  a l c o h o l
s e r i e s  i n t o  a g rad ed  s e r i e s  o f  e t h a n o l :  a c e t o n e  t o  100% a c e to n e
( i n t e r m e d i a t e  f l u i d ) .  The spec im ens  were t h e n  c r i t i c a l  p o i n t  d r i e d
i n  a Denton C r i t i c a l  P o i n t  D rye r  u s i n g  ca rb o n  d i o x i d e  a s  the
t r a n s i t i o n  f l u i d .  The buds  and i n f l o r e s c e n c e s  were mounted i n
o
" T e l e v i s i o n  Tube-Koat"  on s t u b s  and c o a t e d  w i t h  200 A o f  
g o l d - p a l l a d i u m  i n  a Hummer S p u t t e r  C o a t e r  I I .  A l l  SEM m ic ro g ra p h s  
were t a k e n  w i t h  T r i -X  Or tho  4 X 5  i n c h  s h e e t  f i l m  on a H i t a c h i  
S-500 s c a n n in g  e l e c t r o n  m i c r o s c o p e .
Term ino logy— F l o r a l  o r g a n s  o f  t h e  P a p i l i o n o i d e a e  a r e  a r r a n g e d  
i n  pen tam erous  w h o r l s  b e g i n n i n g  w i t h  t h e  s e p a l s .  Organs a r e  
p o s i t i o n e d  a l t e r n a t e  to  a s  w e l l  a s  a c r o p e t a l  t o  t h e  p r e v i o u s l y  
formed s e t  i n  t h e  f o l l o w i n g  s e q u e n c e :  s e p a l s ,  p e t a l s ,  f i v e
a n t i s e p a l o u s  and f i v e  a n t i p e t a l o u s  s t a m e n s ,  and a s o l i t a r y  c a r p e l  
( F i g .  1 ) .  A n t i s e p a l o u s  and a n t i p e t a l o u s  s i t e s ,  r e s p e c t i v e l y ,  r e f e r  
t o  t h e  e p i s e p a l o u s  and e p i p e t a l o u s  s i t e s  u sed  i n  Tucker (1984a & b ,  
1987) and Gemmeke, ( 1 9 8 2 ) .  The median s e p a l  l i e s  a l o n g  th e  median 
s a g i t t a l  p l a n e  on t h e  a b a x i a l  s i d e  o f  t h e  f l o w e r .  P e t a l s  s t a n d  i n  
p o s i t i o n s  w h ich ,  a s  a c o n s e q u e n c e ,  p l a c e s  t h e  median  s a g i t t a l  p e t a l  
( s t a n d a r d )  on t h e  a d a x i a l  s i d e  o f  t h e  f l o w e r .  F ive  a n t i s e p a l o u s  
s tam ens  o c c u r  i n  t h e  p o s i t i o n s  a l t e r n a t e  to  and above t h e  p e t a l s
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and a r e  a l s o  r e f e r r e d  to  a s  f i r s t - w h o r l  o r  o u t e r  s t a m e n s .  The 
s econd -w hor l  o r  i n n e r  s tamens  t h a t  l i e  a long  r a d i i  common to  the  
p e t a l s  a r e  i n  a n t i p e t a l o u s  p o s i t i o n s .  Due to  th e  pen tam erous  
n a t u r e  o f  t h e  f l o w e r  and th e  a l t e r n a t i n g  a r r an g em en t  o f  t h e  f l o r a l  
o r g a n s ,  o n ly  one member o f  eac h  w hor l  l i e s  i n  t h e  median s a g i t t a l  
p l a n e .  The r e m a in in g  f o u r  members of  each  whor l  o c c u r  i n  two 
p a i r s :  a l a t e r a l  p a i r  and e i t h e r  an  a b a x i a l  ( d i s t a l )  p a i r  o r  an
a d a x i a l  ( p r o x i m a l )  p a i r .
RESULTS— O rganography—Lupinus  h a v a r d i i  i s  a r o b u s t  w i n t e r  
a n n u a l  t h a t  h a s  t e r m i n a l  racemes  ( F i g .  1) t h a t  a r e  18-45 
c e n t i m e t e r s  long  ( i n c l u d i n g  p e d u n c l e )  ( C o r r e l l  and J o h n s t o n ,  1 970 ) .  
The h i g h l y  zygomorphic ,  f u l l y  expanded f l o w e r  h a s  a t w o - l i p p e d  
c a l y x  tu b e  w i t h  f i v e  l o b e s ,  f i v e  p e t a l s  w i t h  d e s c e n d i n g  c o c h l e a r  
a e s t i v a t i o n  (T u c k e r ,  1984 a , b ) ,  t e n  monadelphous and d im orph ic  
s tamens  and a u n i c a r p e l l a t e  gynoecium ( F i g .  2 ) .
I n f l o r e s c e n c e —The i n f l o r e s c e n c e  m e r i s tem  ( F i g .  3)  p ro d u c e s  
b r a c t s  i n  h e l i c a l  a c r o p e t a l  o r d e r .  One f lo w e r  ( F i g s .  3 and 4 ,  f )  
i s  borne  i n  t h e  a x i l  o f  eac h  b r a c t .  The i n f l o r e s c e n c e  has  a domed 
a p i c a l  m e r i s t e m  w i t h  a t u n i c a - c o r p u s  c o n f i g u r a t i o n  w i th  two t u n i c a  
l a y e r s  ( F i g .  5 ) .  The i n n e r  t u n i c a  l a y e r  i s  w e l l  d e f i n e d  on ly  a t  
t h e  summit .  B rac t  p r i m o r d i a  a r e  i n i t i a t e d  on th e  f l a n k s  o f  th e  
i n f l o r e s c e n c e  m e r i s tem  by p e r i c l i n a l  d i v i s i o n s  i n  second t u n i c a  
l a y e r  and o u t e r  c o rp u s  l a y e r s  ( F i g .  5 ,  a r r o w ) .
F l o r a l  m e r i s t e m —The f l o r a l  m e r i s tem  i s  i n i t i a t e d  on the  
i n f l o r e s c e n c e  m e r i s tem  by p e r i c l i n a l  d i v i s i o n s  i n  t h e  o u t e r  c o rp u s
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l a y e r s  i n  th e  b r a c t  a x i l  ( F i g .  6 ) .  The a n t i c l i n a l  d i v i s i o n s  
c o n t r i b u t i n g  t o  t h e  h e i g h t e n i n g  o f  t h e  primordium a r e  l o c a t e d  i n  
t h e  t u n i c a  and s u b s u r f a c e  l a y e r s  ( F i g .  6 ,  a r r o w ) .  In  p o l a r  view 
th e  f l o r a l  pr imordium i s  ob long  ( F i g .  7 ) .  The m e r i s tem  i s  b r o a d e r  
i n  th e  f r o n t a l  p l a n e  t h a n  i n  t h e  s a g i t t a l  p l a n e  ( F i g .  7)  t h e r e b y  
e s t a b l i s h i n g  b i l a t e r a l  symmetry o f  t h e  f l o w e r  b e f o r e  o r g a n o g e n e s i s .  
As s e e n  i n  s a g i t t a l  s e c t i o n  t h e  c o n f i g u r a t i o n  o f  t h e  f l o r a l  
primordium i s  t u n i c a - c o r p u s  w i t h  two t u n i c a  l a y e r s  ( F i g .  8 ) .  The 
e n t i r e  f l o r a l  apex  i s  homogeneously  m e r i s t e m a t i c .  The f l o r a l  
m e r i s t e m  i s  a p p r o x im a te ly  54 /am i n  h e i g h t  and 68 ;um wide i n  th e  
s a g i t t a l  p l a n e  ( F i g .  8)  b e f o r e  any o rg a n s  form. The a n t i c l i n a l  
d i v i s i o n s  ( F i g .  8 ,  a r row )  p r o v i d e  f o r  f u r t h e r  e x p a n s io n  of  th e  
m e r i s t e m .
F l o r a l  Organogeny— B r a c t e o l e s —The f i r s t  p r o d u c t s  o f  th e  
f l o r a l  m e r i s tem  a r e  two b r a c t e o l e s  formed s i m u l t a n e o u s l y  on th e  
l a t e r a l  f l a n k s  o f  t h e  f l o r a l  m e r i s tem  ( F i g .  9 ) .  I n i t i a t i o n  o f  
t h e s e  s t r u c t u r e s  was n o t  i n v e s t i g a t e d  e x o m o rp h o l o g ic a l ly  any 
f u r t h e r  o r  h i s t o l o g i c a l l y .
S e p a l s —A f t e r  t h e  s i m u l t a n e o u s  p r o d u c t i o n  o f  b r a c t e o l e s ,  t h e  
f i r s t  f l o r a l  o rg an  to  be p roduced  by th e  f l o r a l  m e r i s t e m  i s  the  
a b a x i a l  median s e p a l  ( F i g .  10) f o l l o w e d  i n  c l o s e  s u c c e s s i o n  by a 
p a i r  o f  l a t e r a l  s e p a l s .  Due t o  t h e  e c c e n t r i c  shape  o f  t h e  m e r i s tem  
a t  t h i s  t ime and th e  a n g l e  be tween  i t s  lo ng  a x i s  and t h a t  o f  t h e  
i n f l o r e s c e n c e  a x i s ,  t h e  a d a x i a l  s i d e  o f  t h e  m e r i s tem  i s  exposed  and 
no p r i m o r d i a  a r e  s e e n  ( F i g .  1 0 ) .  A s e p a l  pr im ordium i s  i n i t i a t e d
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by numerous p e r i c l i n a l  d i v i s i o n s  ( F i g s .  11 and 12,  S ) .  The o t h e r  
f o u r  s e p a l  p r i m o r d i a  a r e  p r o b a b ly  i n i t i a t e d  i n  t h e  same manner.
The p e r i c l i n e s  t h a t  i n i t i a t e d  t h e  primordium a r e  s e e n  i n  h i g h e r  
m a g n i f i c a t i o n  i n  F i g .  12.  In  c o n t r a s t  to  th e  homogeneous 
d i s t r i b u t i o n  o f  m e r i s t e m a t i c  t i s s u e  th ro u g h o u t  t h e  b a r e  f l o r a l  
m e r i s tem  ( F i g .  8)  t h e  c e l l s  o f  t h e  h i g h e s t  s t a i n a b i l i t y  a p p e a r  to 
be s h i f t e d  toward t h e  a b a x i a l  h a l f  o f  t h e  summit o f  t h e  m e r i s tem  
above th e  median s e p a l  p r im ord ium ( F i g .  1 1 ) .  The s h i f t  may be 
c o r r e l a t e d  w i t h  i n i t i a t i o n  s i t e s  o f  s u b se q u e n t  a b a x i a l  p r i m o r d i a  i n  
th e  u n i d i r e c t i o n a l  s e q u e n c e .
Calyx tu b e  f o r m a t i o n  b e g i n s  a f t e r  th e  f i v e  s e p a l  l o b e s  have 
been fo rmed.  The a b a x i a l  l i p  o f  t h e  c a l y x  tube  forms ( F i g .  10,  
r i d g e )  be tween t h e  a b a x i a l  s e p a l s  a s  p e t a l  p r i m o r d i a  become 
r e c o g n i s a b l e  ( F i g .  1 0 ) .  The s e p a l  p r i m o r d i a  ( F i g .  17 & 20) have 
n o t  e n l a r g e d  much d u r i n g  p e t a l  i n i t i a t i o n .  I n t e r c a l a r y  growth  of  
t h e  c a l y x  tu b e  c o n t i n u e s  u n t i l  a s h a l l o w  c up -shaped  c a l y x  i s  formed 
( F i g .  24 ,  29 & 3 1 ) .  The p o l a r  view o f  th e  f l o w e r  i n  F i g .  34 shows 
th e  two l i p s  o f  t h e  c a l y x :  t h r e e  a b a x i a l  l o b e s  and two a d a x i a l
l o b e s .
P e t a l s —The p r o s p e c t i v e  s i t e s  f o r  th e  f i r s t - i n i t i a t e d  p e t a l s  
( k e e l  p e t a l s )  a r e  i n  t h e  a b a x i a l  p o s i t i o n s  t o  e i t h e r  s i d e  o f  the  
median  s a g i t t a l  p l a n e  o f  t h e  f l o w e r .  At t h e  s t a g e  shown i n  F i g .  10 
a r i d g e  be tween  and i n c l u d i n g  t h e  p r o s p e c t i v e  p e t a l  s i t e s  i s  
l a b e l e d  (be tw een  a r r o w s )  and i s  t h e  p u t a t i v e  s i t e  o f  t h e  a b a x i a l  
median  a n t i s e p a l o u s  s tam en .  The f l o r a l  apex b e g i n s  i n i t i a t i o n  of
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t h e  p e t a l s  ( F i g .  13) b e f o r e  t h e  a d a x i a l  p a i r  o f  s e p a l s  i s  fo rmed.  
The s l i g h t l y  o l d e r  f l o w e r  i n  a non-med ian  s a g i t t a l  s e c t i o n  ( F i g .
17) p o s s e s s e s  a tw o - l a y e r e d  t u n i c a  which i s  most  u n i f o r m  d i r e c t l y  
o v e r  th e  summit o f  t h e  m e r i s t e m .  Numerous p e r i c l i n a l  d i v i s i o n s  
have i n i t i a t e d  an a b a x i a l  p e t a l  pr im ord ium ( F i g s .  14 ,  between 
a r r o w s ) .  Wing p e t a l  i n i t i a t i o n  i s  f o l l o w e d  by t h a t  o f  t h e  s t a n d a r d  
p e t a l .  F ive  p e t a l  p r i m o r d i a  a r e  p r e s e n t  a s  w e l l  a s  a l l  s e p a l  
p r i m o r d i a  ( F i g .  15,  p ro x im a l  p a i r  o f  s e p a l s ,  o b s cu red  by o t h e r  
p a r t s ) .
The p e t a l  p r i m o r d i a  ( F i g s .  2 4 ,  P) t e n d  to  grow l a t e r a l l y  i n  
c o n t r a s t  t o  upward g row th  o f  t h e  s e p a l  p r i m o r d i a  ( F i g .  24 ,  S & 27,  
Cx) .  As th e  f l o w e r  p r o c e e d s  th ro u g h  mid to  l a t e  s t a g e s  of  
d e v e lo p m e n t ,  c a l y x  tu b e  and p e t a l s  grow i n  h e i g h t .  P a t t e r n  of  
p e t a l  a e s t i v a t i o n  ( F i g .  32)  i s  d e s c e n d i n g  c o c h l e a r  (T u c k e r ,  1984a) 
i n  which th e  m a rg in s  o f  t h e  s t a n d a r d  p e t a l  o v e r l a p  t h e  u p p e r  
m arg in s  o f  t h e  wings  which  i n  t u r n  o v e r l a p  t h e  u p p e r  m a rg in s  o f  th e  
k e e l  p e t a l s .  The m arg in  o f  t h e  k e e l  p e t a l  i s  more t a p e r e d  t h a t  of  
t h e  wing p e t a l  ( F i g .  33)  and c u r v e s  i n w a rd .  The k e e l  p e t a l s  a r e  
f u s e d  by a p p r e s s i o n  o f  t h e  low er  m a rg in s  and a r e  n o t  o v e r l a p p i n g  
each  o t h e r .  Wing p e t a l s  become s c u l p t u r e d  a b a x i a l l y  n e a r  th e  base  
i n  t h e  l a t e r  s t a g e s  o f  e x p a n s i o n .
A n t i s e p a l o u s  Stamens— The f l o w e r  i n  f r o n t a l  v iew ( F i g .  20) 
r e v e a l s  a b r o a d ,  f l a t t e n e d  apex  w i t h  a t u n i c a  c o r p u s  c o n f i g u r a t i o n  
m a in t a i n e d  t h r o u g h o u t .  The a n t i s e p a l o u s  p o s i t i o n s  ( F i g .  15 & 16) 
f o r  th e  f i r s t  w hor l  s tam ens  a r e  a l t e r n a t e  to  t h e  p e t a l s  and
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o p p o s i t e  t h e  s e p a l s .  The f i r s t  s tamen to  be i n i t i a t e d  l i e s  i n  th e  
median  s a g i t t a l  p l a n e  o f  t h e  f l o w e r  and i s  d i r e c t l y  above th e  
median  s e p a l  ( F i g .  16, 17,  SI & 18,  S I ) .  The median a b a x i a l  s tamen 
i s  i n i t i a t e d  f i r s t ,  f o l l o w e d  i n  c l o s e  s u c c e s s i o n  by t h e  two l a t e r a l  
s tam en  p r i m o r d i a  ( F i g .  2 1 ,  S I ) .  Numerous p e r i c l i n a l  d i v i s i o n s  i n  
t h e  second t u n i c a  and o u t e r  c o rp u s  l a y e r s  have i n i t i a t e d  t h e  median 
a b a x i a l  s tamen ( F i g .  19 ,  a t  a r r o w s ) .  The a c t i v e  c e l l  d i v i s i o n s  on 
th e  a d a x i a l  s i d e  o f  t h e  f l o w e r  i n  F i g .  17 a r e  be tween  two a d a x i a l  
s e p a l s .  Th i s  i s  n o t  a  s i t e  f o r  an i n d i v i d u a l  s e p a l  p r im ord ium bu t  
w i l l  c o n t r i b u t e  t o  t h e  c a l y x  tube  t h a t  h a s  begun t o  form ( F i g .  2 0 ) .  
The d e n s e l y  s t a i n i n g  m e r i s t e m a t i c  t i s s u e  i s  u n i f o r m l y  d i s t r i b u t e d  
a c r o s s  t h e  summit a s  s e e n  i n  t h e  f r o n t a l  p l a n e  ( F i g .  2 0 ) .
C a r p e l —The c a r p e l  a p p e a r s  when th e  f i r s t - w h o r l  s tam ens  a r e  
p r e s e n t  and b e f o r e  any s e c o n d -w h o r l  s tamens  a r e  i n i t i a t e d .  The 
c a r p e l  p r im ord ium i s  t h e  s l i g h t l y  e l e v a t e d  c e n t r a l  a r e a  ( F i g .  23 & 
2 4 ) .  Numerous p e r i c l i n a l  d i v i s i o n s  ( F i g .  22 ,  be tween  a r r o w s )  which 
o c c u r  i n  t h e  second t u n i c a  l a y e r  a t  t h e  summit o f  th e  m e r i s t e m  
i n i t i a t e  t h e  c a r p e l .  Im m ed ia te ly  t o  e i t h e r  s i d e  o f  t h e  g roup  of  
p e r i c l i n a l  d i v i s i o n s  ( F i g .  2 2 ) ,  t h e  second t u n i c a  l a y e r  rem a ins  
i n t a c t .  To e i t h e r  s i d e  o f  t h e  c a r p e l  ( F i g .  22) a r e  t h e  p u t a t i v e  
s i t e s  f o r  t h e  l a t e r a l  p a i r  o f  a n t i p e t a l o u s  s t a m e n s .  The c a r p e l  
p r im ord ium  i s  p ro m in e n t  a s  t h e  a d a x i a l  p a i r  o f  a n t i s e p a l o u s  s tamen 
p r i m o r d i a  ( F i g .  2 7 ,  a t  a r r o w s )  a r e  fo rmed.
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At th e  t ime th e  c a r p e l  c l e f t  i s  b e g in n in g  t o  form,  t h e  c a l y x  
tu b e  i s  com ple te  and t h e  p e t a l  and f i r s t  whor l  s tamen p r i m o r d i a  a r e  
a p p r o x i m a t e l y  e q u a l  h e i g h t  ( F i g .  2 4 ) .
A n t i p e t a l o u s  S tam ens—The l a s t  s e t  o f  o rg a n s  i n i t i a t e d  by the  
f l o r a l  m e r i s tem  a r e  t h e  a n t i p e t a l o u s  s tam ens .  The f l o r a l  apex 
r e t a i n s  a 2 - l a y e r e d  t u n i c a  and a c o rp u s  ( F i g .  22 ,  t o  e i t h e r  s i d e  of  
th e  c a r p e l  p r im o rd iu m ) .  P a r t  o f  t h e  m e r i s t e m ,  w i th  two t u n i c a  
l a y e r s  i s  p r e s e n t  i n  t h e  f u t u r e  s i t e  o f  t h e  median a n t i p e t a l o u s  
s tamen ( F i g .  26 ,  a r r o w ) .  A l a c k  o f  p e r i c l i n e s  co n f i rm s  th e  d e l a y  
i n  t h e  p r o d u c t i o n  o f  t h e  a n t i p e t a l o u s  s tamens  ( F i g .  26) e s p e c i a l l y  
on th e  a d a x i a l  s i d e  o f  t h e  f l o w e r .  The a n t i p e t a l o u s  s tamens  a r e  
i n i t i a t e d  b e g i n n in g  w i t h  t h e  two a b a x i a l  ( d i s t a l )  a n t i p e t a l o u s  
p r i m o r d i a  ( F i g .  27 ,  a r r o w s ) .  The r e s t  f o l l o w  i n  u n i d i r e c t i o n a l  
o r d e r :  th e  l a t e r a l  p a i r ,  and th e n  t h e  median s a g i t t a l  a n t i p e t a l o u s
s tamen  pr im ord ium ( F i g .  28 ,  a r ro w s  & 29 ,  i n  a d a x i a l  v i e w ) .  The 
median s a g i t t a l  a n t i p e t a l o u s  s tam en ,  t h e  l a s t  o rg an  formed by th e  
f l o r a l  m e r i s t e m ,  i s  i n i t i a t e d  by p e r i c l i n a l  d i v i s i o n s  ( F i g .  30 ,  
a r ro w )  i n  t h e  o u t e r  c o r p u s  l a y e r s .
Stamen d e v e l o p m e n t— Stamen d imorphism i s  e x p r e s s e d  by d i f f e r i n g  
s i z e s  be tween  th e  two w h o r l s  o f  s tamen  p r im o r d i a  ( F i g .  27)  which 
c o n t i n u e s  th r o u g h  a n t h e s i s  ( F i g .  3 6 ) .  Not o n ly  i s  t h e  stamen 
d imorphism o b v io u s  a t  i n i t i a t i o n  (compare F i g .  27 & 2 8 ) ;  i t  rema ins  
so t h ro u g h  m id -deve lopm en t  ( F i g .  3 4 ) ,  l a t e - d e v e l o p m e n t a l  s t a g e s  
( F i g .  35) and a n t h e s i s  ( F i g .  3 6 ) .  The monadelphous f i l a m e n t  tube  
grows by i n t e r c a l a r y  g row th  u n i t i n g  t h e  f i l a m e n t  b a s e s  o f  a l l  t e n
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s tamen  p r i m o r d i a  ( F i g .  35 & 3 6 ) .  Growth o f  t h e  f i l a m e n t  tu b e  and 
grow th  o f  t h e  i n d i v i d u a l  f i l a m e n t s  o f  th e  s tamens  above th e  
f i l a m e n t  tu b e  c o n t i n u e s  ( F i g .  3 6 ) .  The a n t h e r  s a c s  o f  th e  
a n t i p e t a l o u s  s tamens  remain  s m a l l e r  th a n  th e  a n t h e r  s a c s  of  the  
a n t i s e p a l o u s  s tamens  ( F i g s .  35 & 3 6 ) .
DISCUSSION— F l o r a l  symmetry—The o v a l  f l o r a l  m e r i s tem  o f  _L. 
h a v a r d i i  i s  s t r o n g l y  zygomorphic from th e  t ime of  i n i t i a t i o n  i n  the  
a x i l  o f  t h e  s u b te n d i n g  b r a c t .  The f l o r a l  m e r i s tem  rem a ins  
zygomorphic t h r o u g h o u t  o r g a n o g e n e s i s  due to  th e  u n i d i r e c t i o n a l  
o r d e r  o f  i n i t i a t i o n  o f  eac h  w h o r l .  A f t e r  a l l  o rg a n s  have been 
i n i t i a t e d  t h e  b i l a t e r a l  symmetry i s  m a in t a i n e d  on th e  b a s i s  o f  the  
pen tam erous  n a t u r e  o f  eac h  w h o r l .  Dur ing  th e  m i d - s t a g e s  of  
deve lopm en t  ( T u c k e r ,  1984a) i n  which o rg a n  e x p a n s io n  o c c u r s ,  o rgans  
w i t h i n  each  whor l  a r e  v e ry  u n i fo rm  somewhat masking t h e  s t r o n g l y  
zygomorphic  n a t u r e  o f  t h e  f l o w e r .  Expans ion  and d i f f e r e n t i a t i o n  of  
t h e  p e t a l s  marks t h e  f i n a l  s t a g e  i n  which th e  f u l l y  expanded f lo w e r  
i s  a g a i n  o b v i o u s l y  zygomorphic .
A c t i v i t y  o f  t h e  f l o r a l  m e r i s t e m —The c o n f i g u r a t i o n  o f  th e  
f l o r a l  m e r i s tem  b e f o r e  o r g a n o g e n e s i s  i s  t u n i c a - c o r p u s .  Only d u r i n g  
a b a x i a l  s e p a l  and a b a x i a l  p e t a l  i n i t i a t i o n  does  t h e r e  a p p e a r  to  be 
a c o n c e n t r a t i o n  o f  d a r k l y  s t a i n i n g  d e n s e l y  c y t o p l a s m i c  c e l l s  toward 
t h e  a b a x i a l  p o r t i o n  of  t h e  apex  (where i n i t i a t i o n  b e g i n s  i n  each  
w h o r l )  and a c r o s s  t h e  summit .  The a d a x i a l  f l a n k  a t  t h i s  t ime 
a p p e a r s  to  c o n t a i n  a second t u n i c a  l a y e r  more u n i fo rm  th a n  th e  
a d a x i a l  p o r t i o n  o f  t h e  m e r i s t e m .  The c e l l s  on t h e  a d a x i a l  f l a n k  i n
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g e n e r a l  a p p e a r  to  be more v a c u o l a t e  th a n  c e l l s  a lo n g  th e  a b a x i a l  
f l a n k .  The second t u n i c a  l a y e r  a p p e a r s  c o n s i s t e n t l y  d i s r u p t e d  a t  
t h e  s i t e s  o f  o rg a n  i n i t i a t i o n .  Over th e  summit t h e  second t u n i c a  
l a y e r  has  r e l a t i v e l y  low er  m e r i s t e m a t i c  a c t i v i t y .  L o c a l i z e d  
p e r i c l i n a l  d i v i s i o n s  i n  t h e  second  t u n i c a  l a y e r  and u n d e r l y i n g  
l a y e r s  of  t h e  c o r p u s  a c c o u n t  f o r  t h e  i n i t i a t i o n  o f  o r g a n s .
V e r t i c a l  o r d e r  o f  i n i t i a t i o n —A bax ia l  members of  each  f l o r a l  
o rg a n  w hor l  a r e  i n i t i a t e d  i n  a c r o p e t a l  o r d e r  w i th  p r e c o c i o u s  
o v e r l a p  among o t h e r  members o f  eac h  w h o r l .  The c a r p e l  p r e c e d e s  th e  
a n t i p e t a l o u s  s t a m e n s .  I t  i s  i m p o r t a n t  t o  d e t e r m in e  n o t  on ly  the  
h o r i z o n t a l  o r d e r  o f  o rg a n  a p p e a ra n c e  b u t  a l s o  t h e  v e r t i c a l  o r d e r .  
Organs a p p e a r  g e n e r a l l y  i n  a c r o p e t a l  o r d e r :  s e p a l ,  p e t a l  and th e n  
stam en p r i m o r d i a .  As t h e  a d a x i a l  members o f  t h e  f i r s t  s tamen whor l  
a r e  i n i t i a t e d ,  t h e  c a r p e l  primordium becomes e v i d e n t  a s  a mound.
I t s  a p p e a ra n c e  i s  documented h i s t o l o g i c a l l y  w i t h  numerous 
p e r i c l i n a l  d i v i s i o n s  i n  t h e  second t u n i c a  and o u t e r  co rp u s  l a y e r s .  
I t  i s  n o t  u n t i l  a f t e r  t h e  c a r p e l  h a s  begun a p i c a l  g rowth  and c l e f t  
f o r m a t i o n  t h a t  t h e  members o f  t h e  second whorl  o f  f i v e  s tamens  
a p p e a r  f i r s t  on t h e  a b a x i a l  s i d e  o f  t h e  c a r p e l .
O rder  i n  Lup inus  can  be compared w i th  t h a t  o f  A cac ia  b a i l e y a n a  
i n  which s e p a l s  a r e  i n i t i a t e d  h e l i c a l l y  b e f o r e  p e t a l s  and common 
s tamen p r i m o r d i a  a r e  i n i t i a t e d  s i m u l t a n e o u s l y .  The sequence  o f  
i n d i v i d u a l  s tamen  p r i m o r d i a  i n t e r r u p t s  the  s t r i c t l y  v e r t i c a l  o r d e r  
o f  i n i t i a t i o n  o f  f l o r a l  o r g a n s .  S ep a l s  i n  P a r k i n s o n i a  a c u l e a t a  
a r i s e  h e l i c a l l y  fo l lo w e d  by u n i d i r e c t i o n a l  o r d e r  o f  p e t a l s  and two
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s e t s  o f  f i v e  s tamens  from a b a x i a l  t o  a d a x i a l  s i d e  o f  t h e  f l o w e r .
I n  a l l  t h r e e  s p e c i e s  t h e  c a r p e l  a r i s e s  p r e c o c i o u s l y .
U n i d i r e c t i o n a l  o r d e r  o f  o rg a n  i n i t i a t i o n  w i t h i n  
w h o r l s —U n i d i r e c t i o n a l  o rg a n  i n i t i a t i o n  h a s  r e c e n t l y  been  d e s c r i b e d  
i n  d e t a i l  u s i n g  SEM i n  a c a e s a l p i n i o i d , B auh in ia  f a s s o g l e n s i s , and 
two p a p i l i o n o i d s ,  G e n i s t a  t i n c t o r i a  and Lupinus  a f f i n i s  (T u c k e r ,  
1984b ) .  The s e p a l s  o f  t h e  c a e s a l p i n i o i d  i n i t i a t e  h e l i c a l l y  w h i l e  
t h e  o t h e r  o rg a n s  f o l l o w  u n i d i r e c t i o n a l  o r d e r  o f  i n i t i a t i o n  from 
a b a x i a l  to  a d a x i a l  s i d e  o f  t h e  f l o w e r .  The l a t t e r  two s p e c i e s  
i n i t i a t e  a l l  f l o r a l  o rg a n s  from th e  a b a x i a l  to  t h e  a d a x i a l  s i d e  o f  
t h e  f l o r a l  m e r i s t e m .  I n v e s t i g a t i o n s  o f  o r d e r  o f  appendage  
i n i t i a t i o n  ( T u c k e r ,1 9 8 4 b ,  1987) t o t a l  26 g e n e r a  + , none o f  which 
h a s  been  documented h i s t o l o g i c a l l y .  Tucker  (1987 ,  Tab le  3)  r e p o r t s  
n in e  o t h e r  c a e s a l p i n i o i d s  h a v in g  a h e l i c a l l y  d e r i v e d  c a l y x  and 
u n i d i r e c t i o n a l  w h o r l s  o f  p e t a l s  and s t a m e n s .  I n  t h e  same p a p e r ,  
u n i d i r e c t i o n a l  i n i t i a t i o n  i s  r e p o r t e d  i n  abou t  30 p a p i l i o n o i d s ,  
showing t h a t  t h i s  p a t t e r n ,  d e m o n s t r a t e d  h i s t o g e n e t i c a l l y  f o r  
Lupinus  h a v a r d i i  i n  t h e  p r e s e n t  p a p e r ,  i s  e x t r e m e l y  common among 
p a p i l i o n o i d s .  D e v i a t i o n s  from th e  u n i d i r e c t i o n a l  p a t t e r n  have been 
r e p o r t e d  and need t o  be r e s t u d i e d  i n  A s t r a g a l u s  ( H o f r a e i s t e r ,  1868) ,  
G alega  (T u c k e r ,  1 987 ) ,  L a t h y r u s  ( P a y e r ,  1857) ,  and Pisum ( S a t t l e r ,  
1 973 ) .  Recen t  work by Tucker  ( i n  p r e s s )  s u g g e s t s  t h a t  Pisum i s  
a l s o  u n i d i r e c t i o n a l .  Rohrbach (1870 ,  i n  T ucke r ,  1987) r e p o r t e d  an 
a b a x i a l  t o  a d a x i a l  t r a n s v e r s e  o r d e r  o f  s e p a l  i n i t i a t i o n  and an 
a d a x i a l  t o  a b a x i a l  ( o r  s i m u l t a n e o u s )  o r d e r  o f  p e t a l  i n i t i a t i o n  i n
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A cacia  o x y c e d r u s . The e x c e p t i o n  to  t h e  s i m u l t a n e o u s  a p p e a ra n c e  of  
p e r i a n t h  o rg a n s  o f  mimosoids  s h o u ld  be v e r i f i e d  w i th  SEM and 
h i s t o l o g i c a l l y .  More r e l i a b l e  a r e  t h e  r e c e n t  f i n d i n g s  by Gemmeke 
(1982)  o f  a d a x i a l  to  a b a x i a l  s equence  o f  s e p a l  a p p e a r a n c e  i n  
Lys iloma v o g e l i a n u m , a mimosoid .  The f l o r a l  m e r i s tem  o f  Lupinus  
h a v a r d i i  i n i t i a t e s  i t s  f l o r a l  appendages  u n i d i r e c t i o n a l l y  i n  each  
whor l  a s  i n  t h e  p a p i l i o n o i d  s p e c i e s  s t u d i e d  by Tucker  (1984b ,
1 987 ) .  Befo re  a l l  members o f  one w hor l  have been  i n i t i a t e d ,  the  
f i r s t  members o f  t h e  n e x t  w hor l  i n  a c r o p e t a l  o r d e r  a p p e a r .  An 
e x c e p t i o n  i n  t h i s  s equence  o c c u r s  w i t h  t h e  c a r p e l  a p p e a r i n g  
p r e c o c i o u s l y  b e f o r e  any o f  t h e  a n t i p e t a l o u s  s tam ens  a r e  i n i t i a t e d .  
I n  a d d i t i o n ,  p r e c o c i t y  c h a r a c t e r i z e s  some members o f  each  w h o r l .
The p r i m o r d i a  o f  t h e  a n t i p e t a l o u s  w hor l  a r e  n o t i c e a b l y  s m a l l e r  t h a t  
t h o s e  o f  t h e  a n t i s e p a l o u s  w h o r l .  I t  h a s  been  p roposed  by 
H e s l o p - H a r r i s o n  (1964)  t h a t  h i g h  a u x i n  l e v e l s  f a v o r  c a r p e l  
deve lopm en t  and can  s u p p r e s s  s tamen g ro w th .  The s tam ens  however 
grow w i t h  f i l a m e n t s  c o n t r i b u t i n g  t o  t h e  monadelphous  a n d r o e c i a l  
t u b e ,  y e t  t h e  a n t h e r s  a r e  much r e d u c e d .  The p r e c o c i o u s  c a r p e l  i n  
A cac ia  b a i l e y a n a  i s  f o l l o w e d  by i n i t i a t i o n  and deve lopm en t  o f  th e  
a n t i p e t a l o u s  s tam ens  o f  which  t h e  p r i m o r d i a  and t h e  a n t h e r  s a c s  a r e  
r e d u c e d .  H e s l o p - H a r r i s o n  (1964 )  r a t i o n a l i z e s  t h e  c o n d i t i o n  u n d e r  
which  b o th  o r g a n s  d e v e lo p  s i m u l t a n e o u s l y  a s  an " e s c a p e  from th e  
i n i t i a l  r e g u l a t i n g  i n f l u e n c e . "  P o l l e n  i s  p roduced  b u t  i t  was n o t  
d e t e r m in e d  e i t h e r  i n  what  q u a n t i t y  o r  to  what  e x t e n t  i t  i s  v i a b l e  
i n  L u p in u s .
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C o r r e l a t i o n  o f  SEM and h i s t o g e n e t i c  e v i d e n c e —From c o n s i s t e n t  
o b s e r v a t i o n s  o f  p e r i c l i n a l  d i v i s i o n s  i n i t i a t i n g  p r i m o r d i a  i n  the  
mimosoid and p a p i l i o n o i d  t a x a ,  i t  c an  be co n c lu d ed  t h a t  th e  
p r o t u b e r a n c e s  o b s e rv ed  w i th  t h e  s c a n n in g  e l e c t r o n  m ic roscope  a r e  
f l o r a l  o rg a n  p r i m o r d i a .  Scanning  e l e c t r o n  microscopy  can  be used 
c o n f i d e n t l y  t o  d e t e r m in e  sequence  o f  i n i t i a t i o n  o f  f l o r a l  p r i m o r d i a  
u n l e s s  th e  p r i m o r d i a  a r i s e  so r a p i d l y  i n  s u c c e s s i o n  t h a t  i t  i s  
d i f f i c u l t  t o  d e t e r m in e  t h e  o r d e r .  In  t a x a  i n  which th e  
u n i d i r e c t i o n a l  o v e r l a p  i s  o b s c u r e ,  h i s t o l o g i c a l  i n v e s t i g a t i o n s  
s h ou ld  be u sed  to  v e r i f y  t o p o g r a p h i c  f i n d i n g s  a s  s u g g e s t e d  f o r  
P a r k i n s o n i a  a c u l e a t a  ( C h a p t e r  3 ) .  Where t h e  o r d e r  o f  i n i t i a t i o n  
o f  f l o r a l  o rg a n s  p r o c e e d s  from t h e  a d a x i a l  to  a b a x i a l  s i d e s  o f  the  
f l o r a l  m e r i s t e m  (Gemmeke, 1 9 8 2 ) ,  d e t a i l e d  h i s t o l o g i c a l  
i n v e s t i g a t i o n s  a r e  u s e f u l .  I n  s i t u a t i o n s  i n  which  l a r g e  numbers of  
t a x a  a r e  examined ,  SEM a l o n e  can  be used  to  examine f l o r a l  
c h a r a c t e r s .
T e r m i n a l i t y  o f  t h e  c a r p e l — In  Lup inus  h a v a r d i i  and A cac ia  
b a i l e y a n a  t h e  c a r p e l s  a r e  i n i t i a t e d  by numerous p e r i c l i n e s  i n  the  
o u t e r  c o r p u s .  In  t h e  mimosoid t h a t  u n d e rg o e s  t h e  r a d i a l  e x p a n s io n  
t h e  s i t e  o f  t h e  c a r p e l  i s  d e l i m i t e d  by th e  a n t i c l i n a l  d i v i s i o n s  
t h a t  a c c o m p l i s h  t h e  second s t e p  i n  t h e  r a d i a l  e x p a n s i o n .  In  
c o n t r a s t  t h e  l u p i n e  shows no r a d i a l  e x p a n s io n  and i n i t i a t e s  th e  
c a r p e l  a t  t h e  summit o f  t h e  f l o r a l  m e r i s t e m  by a c l u s t e r  o f  i n i t i a l  
d i v i s i o n s .  S ince  th e  l u p i n e  c a r p e l  i s  i n i t i a t e d  b e f o r e  t h e  whor l  
o f  a n t i p e t a l o u s  s t a m e n s ,  i t s  i n i t i a t i o n  u t i l i z e s  t h e  summit o f  th e
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m e r i s tem  and l e a v e s  m e r i s t e m a t i c  t i s s u e  i n  on ly  th e  s i t e s  t o  be 
o c c u p ie d  by th e  a n t i p e t a l o u s  s t a m e n s .  There  i s  no a p i c a l  res iduum 
and th e  c a r p e l  i s  c o n s i d e r e d  t e r m i n a l .
Comparison o f  h i s t o g e n e t i c  o rg a n  i n i t i a t i o n — Organ i n i t i a t i o n  
h i s t o l o g i c a l l y  i s  s i m i l a r  be tween  th e  mimosoid and p a p i l i o n o i d  
s p e c i e s  on t h e  b a s i s  o f  p e r i c l i n a l  d i v i s i o n s .  Timing o f  t h e  e v e n t s  
o f  o rg a n  i n i t i a t i o n  i s  c l e a r l y  d i f f e r e n t  be tween  th e  two t a x a .  The 
s h i f t  i n  a p i c a l  m e r i s t e m  a c t i v i t y  o f  t h e  l u p i n e  c h a r a c t e r i z e s  the  
s t r o n g l y  zygomorphic f l o r a l  m e r i s tem  o b s e rv e d  i n  SEM. The g lo b o s e  
f l o w e r  o f  t h e  mimosoid i s  r e f l e c t e d  i n  t h e  u n i fo rm  m e r i s tem  d u r in g  
s e p a l ,  p e t a l ,  and common s tamen p r i m o r d i a  i n i t i a t i o n .  A c t i v i t y  o f  
t h e  m e r i s t e m  i n  th e  r a d i a l l y  sy m m e t r i c a l  f l o w e r  i s  c o n f i n e d  to  th e  
s i t e s  o f  t h e  e v e n ly  spaced  p r i m o r d i a  and n o t  on one s i d e  o f  the  
f l o w e r .
58
LITERATURE CITED
CORRELL, D. S . ,  and M. C. JOHNSTON. 1970.  Manual o f  t h e  V a s c u la r  
P l a n t s  o f  Texas .  Texas R esea rch  F o u n d a t i o n ,  Renner ,  Texas ,  pp .  
8 02-803 .
GEMMEKE, V. 1982.  E n t w i c k l u n g s g e s c h i c h t l i c h e  U n te r suchungen  an 
M im osaceen-B lu ten .  Bot .  J a h r .  S y s t .  103: 185-210.
HESLOP-HARRISON, J .  1964.  Sex e x p r e s s i o n  i n  f l o w e r i n g  p l a n t s .  In 
M er is tem s  and D i f f e r e n t i a t i o n .  Brookhaven Symp. i n  B i o l .  16.  
p p .  109-125 .
HOFMEISTER, W. 1868.  A l lgem eine  M orphologie  d e r  Gewachse. W. 
Engelmann,  L e i p z i g .
NEWMAN, I .  V. 1933. S t u d i e s  i n  t h e  A u s t r a l i a n  A c a c i a s .  I I .  The
l i f e - h i s t o r y  o f  A cac ia  b a i l e y a n a . 1.  Some e c o l o g i c a l  f e a t u r e s ,  
s p o re  p r o d u c t i o n ,  and chromosome nember.  J .  L in n .  Soc.  Lond . ,  
B o t .  49 :  145-171 .
-----------. 1936. S t u d i e s  i n  t h e  A u s t r a l i a n  A c a c i a s .  VI.  The
m e r i s t e m a t i c  a c t i v i t y  o f  t h e  f l o r a l  apex  o f  A cac ia  l o n g i f o l i a  
and A. s u a v e o le n s  a s  a h i s t o g e n e t i c  s tu d y  o f  th e  ontogeny  o f  
t h e  c a r p e l .  L inn .  Soc.  New South  Wales ,  Sydney,  P r o c .  61: 
5 6 -8 8 .
PAYER, J .  -B .  1857.  T r a i t e  d ' o r g a n o g e n i e  coraparee de l a  f l e u r .  
L i b r a i r i e  de V i c t o r  Masson,  P a r i s .
ROHRBACH, P.  1870.  B e i t r a g e  z u r  Morpholog ie  d e r  Leguminosen .  Bot.  
Z e i t .  28 :  817-829 .
5 9
SATTLER, R. 1973.  O rg an o g en es i s  o f  f l o w e r s .  U. Toron to  P r e s s ,  
T o ro n to .
TUCKER, S. C. 1984a .  O r i g i n  o f  symmetry i n  f l o w e r s .  Iri
Contemporary p rob lem s  i n  P l a n t  Anatomy. R. A. White and W. C. 
D ic k i s o n  ( E d s . ) ,  Academic P r e s s ,  New Y ork .
---------- . 1984b.  U n i d i r e c t i o n a l  o rg a n  i n i t i a t i o n  i n  leguminous
f l o w e r s .  Amer. J .  Bot .  71 :  1139-1148.
---------- - 1987 .  F l o r a l  i n i t i a t i o n  and development i n  legumes .  In
Advances i n  legume s y s t e m a t i c s ,  V o l .  I I I .  C. H. S t i r t o n  ( E d . )  
Royal  B o ta n ic  G arden ,  Kew. p p .  1 8 3 -2 3 9 ) .
---------- . 1988.  H e te rom orph ic  f l o w e r  deve lopment  i n  N ep tun ia
p u b e s c e n s  ( Legum inosae : M im oso ideae ) . Amer. J .  Bot .  75:
205 -224 .
---------- . 1988.  O v e r la p p in g  o rg a n  i n i t i a t i o n  and p r e c o c i o u s  f u s i o n  i n
f l o w e r s  o f  Pisum s a t iv u m  (L egum inosae : P a p i l i o n o i d e a e ) . Amer.
J .  B o t .  75:  ( I n  p r e s s ) .
---------- , 0 .  L. STEIN, AND K. S. DERSTINE. 1985.  F l o r a l  development
i n  C a e s a l p i n i a  (Legum inosae)  Amer. J .  Bot .  72:  1424-1434 .
60
Fig .  1-2.  Diagram o f  t h e  i n f l o r e s c e n c e  and f l o w e r  o f  Lupinus  
h a v a r d i i . 1. Diagram o f  raceme.  B r a c t ,  B. F low er ,  f .  2. F l o r a l  
d ia g ra m .  I n f l o r e s c e n c e  a x i s ,  a.  B r a c t e o l e s ,  Bl .  B r a c t ,  B. S e p a l s ,  





















F i g .  3 - 6 .  I n f l o r e s c e n c e  and i n i t i a t i o n  o f  b r a c t  and f l o r a l  
m e r i s t e m  o f  Lupinus  h a v a r d i i . 3 .  L a t e r a l  view o f  th e  raceme 
apex  showing th e  summit o f  t h e  m e r i s tem  and th e  l a s t  formed 
b r a c t  ( B ) .  O ld e r  b r a c t ,  B ( r i g h t )  and th e  s i n g l e  a x i l l a r y  
f l o w e r ,  f .  Bar = 50 pm. 4 .  Near median l o n g i t u d i n a l  s e c t i o n  
o f  t h e  i n f l o r e s c e n c e  t i p .  B, s u b te n d i n g  b r a c t s .  F l o r a l  
p r im ord ium ,  f .  Bar = 100 pm. 5 .  I n f l o r e s c e n c e  t i p ,  n e a r  
median ,  t u n i c a - c o r p u s  c o n f i g u r a t i o n .  B, b r a c t  i n i t i a t i o n ,  
a r ro w .  Bar = 50 pm. 6 .  P e r i c l i n e s  o f  f l o w e r  i n i t i a t i o n ,  
a r ro w .  Bar = 10 pm.
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F i g .  7 - 1 4 .  Bare f l o r a l  m e r i s tem  and i n i t i a t i o n  o f  a b a x i a l  
s e p a l s  and a b a x i a l  p e t a l  p r i m o r d i a .  B ra c t  s c a r ,  B, t o  lower  
s i d e  o f  t h e  SEM's and t o  low er  l e f t  i n  F ig .  10.  7 .  P o l a r  view
o f  t h e  b i l a t e r a l l y  s y m m e t r i c a l  f l o r a l  pr im ordium s u b tended  by 
i t s  b r a c t ,  B. 8 .  Near median s a g i t t a l  s e c t i o n  o f  f l o r a l  
m e r i s tem  b e f o r e  o r g a n o g e n e s i s .  B, b r a c t .  Bar = 50 pm. 9 .  
B i l a t e r a l l y  s y m m e t r i c a l  f l o r a l  m e r i s tem  w i t h  t h e  l a t e r a l  
b r a c t e o l e s ,  B l .  S ub tend ing  b r a c t  s c a r ,  B. Bar = 50 jam. 10.  
F lower  w i t h  f i r s t  t h r e e  s e p a l  p r i m o r d i a .  B r a c t ,  B. Bar = 50 
pm. 11 .  LS o f  f l o w e r ,  n e a r  median f o r  th e  a b a x i a l  s e p a l .  
T u n i c a - c o r p u s  a p i c a l  c o n f i g u r a t i o n .  Bar = 50 jim. 12.  Median 
s a g i t t a l  s e c t i o n  o f  a b a x i a l  s e p a l  p r im ord ium.  B, b r a c t .  Bar = 
20 jam. 13 .  P o l a r  view o f  f l o w e r  w i t h  a b a x i a l  s e p a l s ,  S, and 
a b a x i a l  p e t a l s ,  P. S u b ten d in g  b r a c t ,  B. M er is tem i n  th e  
c e n t e r  o f  t h e  f l o w e r .  Bar = 50 jam. 14.  Non-median s a g i t t a l  
s e c t i o n  o f  f l o w e r  a t  a b a x i a l  p e t a l  i n i t i a t i o n ,  a t  a r r o w s .  B, 
b r a c t .  Second t u n i c a  l a y e r  o v e r  summit .  Bar = 20 jim.
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F i g .  1 5 -2 0 .  F i r s t  w hor l  s tamen  i n i t i a t i o n .  15.  Three  s e p a l s ,  
S, v i s i b l e .  F ive  p e t a l s  p r e s e n t .  P r o s p e c t i v e  s i t e s  o f  the  
f i r s t  w hor l  s tamens  i n  a n t i s e p a l o u s  p o s i t i o n s .  M er is tem  a t  
c e n t e r  o f  f l o w e r .  B r a c t ,  B. Bar = 50 pm. 16.  F lower  w i t h  
median a b a x i a l  and l a t e r a l  a n t i s e p a l o u s  s tamen  p r i m o r d i a ,  S I ,  
p r e s e n t .  Bar = 50 pm. 17.  S a g i t t a l  s e c t i o n ,  median  f o r  
b r a c t ,  B, and f o r  median a b a x i a l  s e p a l ,  S. S i t e  o f  i n i t i a t i o n  
o f  f i r s t  formed s tam en ,  S I ,  which  i s  a lo n g  median s a g i t t a l  
p l a n e .  Bar = 50 pm. 18.  P e r i c l i n a l  d i v i s i o n s  o f  i n i t i a t i o n  of  
f i r s t  formed s tam en ,  S I ,  between a r r o w s .  B r a c t ,  B. Bar = 20 pm. 
19.  I n i t i a l s  ( a t  a r r o w s )  o f  c a l y x  tube  f o r m a t i o n  on a d a x i a l  
s i d e  o f  t h e  f l o w e r ,  be tween  th e  a d a x i a l  s e p a l  l o b e s .  Bar = 50 
pm. 2 0 .  F r o n t a l  s e c t i o n  o f  f l o w e r .  B l ,  b r a c t e o l e .  Cx, c a l y x  
tu b e  be tween  l a t e r a l  p a i r s  o f  s e p a l  l o b e s .  P,  p e t a l  
p r im ord ium .  Bar = 50 pm.
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F ig .  2 1 - 2 4 .  C a rp e l  i n i t i a t i o n .  Bars  = 50 pm. 21 .  S i t e  of  
c a r p e l  i n  c e n t e r  o f  m e r i s t e m .  F i r s t  w hor l  s t a m e n s ,  S I ,  
p r e s e n t .  P e t a l s ,  P.  S e p a l ,  S 2 2 .  Median s a g i t t a l  s e c t i o n  o f  
f l o w e r  a t  t h e  t ime o f  c a r p e l  i n i t i a t i o n .  P e r i c l i n a l  d i v i s i o n s  
o f  c a r p e l  i n i t i a t i o n ,  be tween  a r r o w s .  23 .  A dax ia l  view o f  
f l o w e r  w i t h  a l l  s e p a l s ,  S, p e t a l s ,  P,  f i v e  s t a m e n s ,  S I ,  and 
c a r p e l ,  C. B1, b r a c t e o l e .  B r a c t ,  B, b e h i n d .  24 .  F lower  
b e g i n n in g  a p i c a l  g row th  o f  t h e  c a r p e l  a lo n g  i t s  a b a x i a l  s i d e .  
Organs p r e s e n t  i n c l u d e  b r a c t e o l e s ,  B l ,  s e p a l s ,  S, p e t a l s ,  P, 
a n t i s e p a l o u s  s t a m e n s ,  S I ,  and c a r p e l ,  C.
69
70
F i g .  2 5 -3 0 .  I n i t i a t i o n  o f  a n t i p e t a l o u s  s tamens  and e a r l y  c a r p e l  
g ro w th .  Bars f o r  F i g .  25-29  = 50 pm. Bar f o r  F i g .  30 = 20 pm. 
25 .  Near p o l a r  view o f  f l o w e r  w i t h  c a l y x ,  Cx, p e t a l s ,  P, 
a n t i s e p a l o u s  s t a m e n s ,  S, and c a r p e l ,  C. 26 .  Median s a g i t t a l  
s e c t i o n  o f  c a r p e l ,  C, and s i t e  o f  v e x i l l a r y  s tam en ,  a r ro w .  27 .  
A b ax ia l  a n t i p e t a l o u s  s tamen p r i m o r d i a ,  a r r o w s .  L a t e r a l  s i t e s  
and v e x i l l a r y  s tamen s i t e  v a c a n t .  Ca lyx ,  Cx. 2 8 .  A l l  
a n t i p e t a l o u s  s tam ens  p r e s e n t ,  a r r o w s .  2 9 .  A d ax ia l  view of  
f l o w e r  w i t h  a l l  f l o r a l  o rg a n s  p r e s e n t .  30 .  Median s a g i t t a l
s e c t i o n  o f  f l o w e r .  I n i t i a t o r y  p e r i c l i n a l  d i v i s i o n s  o f  
v e x i l l a r y  s tam en ,  a r r o w s .
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F i g .  3 1 -3 6 .  L a t e r  s t a g e s  i n  f l o r a l  deve lopm en t  o f  Lupinus  
h a v a r d i i . Bars f o r  F i g .  31-34  = 50 pm. Bars  f o r  F i g .  35 & 36 = 
500 pm. 31 .  Calyx  tu b e  f o r m a t i o n ,  a d a x i a l  view showing two 
l o b e s  o f  t h e  c a l y x  t u b e .  C a ly x ,  Cx. P e t a l ,  P. Stamen,  S.
C a r p e l ,  C. 3 2 .  Descending  c o c h l e a r  p e t a l  a e s t i v a t i o n  33 .  
T r a n s v e r s e  s e c t i o n ,  wing p e t a l  and k e e l  p e t a l ,  K, m a rg in s  mee t .  
34 .  P o l a r  view o f  young f l o w e r .  A l l  f l o r a l  o rg a n s  v i s i b l e .  
Stamen d imorphism o b v io u s  d u r i n g  m id -d ev e lo p m en t .  A n t i s e p a l o u s  
s t a m e n s ,  S I .  A n t i p e t a l o u s  s t a m e n s ,  S2. 35 .  E a r l y  f i l a m e n t
tu b e  f o r m a t i o n ,  s tam en  d im orph ism .  A n t i s e p a l o u s  s t a m e n s ,  S I .  
A n t i p e t a l o u s  s t a m e n s ,  S2.  36 .  Monadelphous f i l a m e n t  tu b e  n e a r
a n t h e s i s .
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Chapter 3
F l o r a l  Ontogeny i n  P a r k i n s o n i a  a c u l e a t a  L. 
( C a e s a l p i n i o i d e a e )
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A b s t r a c t
F l o r a l  on togeny  has  been  i n v e s t i g a t e d  i n  P a r k i n s o n i a  a c u l e a t a  
L. u s i n g  s c a n n in g  e l e c t r o n  m ic roscopy  (SEM) on buds i n  s t a g e s  o f  
a p p e a ra n c e  o f  a l l  o r g a n s .  S i n g le  f l o w e r s  a r i s e  i n  t h e  a x i l  o f  
b r a c t s  p roduced  by th e  racemose i n f l o r e s c e n c e  m e r i s t e m .  The 
f l o w e r s  have f i v e  s e p a l s ,  f i v e  p e t a l s ,  t e n  f r e e  s tamens  and a 
s i n g l e  c a r p e l .  S e p a l s  a p p e a r  i n  a h e l i c a l  o r d e r  b e g i n n in g  w i th  one 
i n  an a b a x i a l  p o s i t i o n .  The rem a in in g  o rg a n s  a p p e a r  
u n i d i r e c t i o n a l l y  from t h e  a b a x i a l  to  t h e  a d a x i a l  s i d e  o f  t h e  f l o r a l  
m e r i s t e m .  The c a r p e l  a p p e a r s  b e f o r e  a l l  a n t i p e t a l o u s  s tam ens  a r e  
fo rm ed.  The a n t i p e t a l o u s  s tam ens  a r e  t h e  l a s t  w hor l  o f  o rg a n s  to  
form and t h e  median a d a x i a l  a n t i p e t a l o u s  s tamen i s  t h e  l a s t  p r o d u c t  
o f  t h e  f l o r a l  m e r i s t e m .  S h i f t s  i n  symmetry o f  t h e  c a l y x  and o f  t h e  
f l o r a l  m e r i s tem  p ro cee d  from r a d i a l  t o  weakly  zygomorphic .  Calyx 
a e s t i v a t i o n  u n d e rg o e s  marked s h i f t s  from n e a r  v a l v a t e  th ro u g h  
c u c u l l a t e  t o  i m b r i c a t e .  Zygomorphy o f  t h e  f l o r a l  m e r i s tem  i s  due 
t o  th e  u n i d i r e c t i o n a l  n a t u r e  o f  m e r i s tem  a c t i v i t y .  L a t e r  s t a g e s  of  
deve lopm en t  i n c l u d e  u n i fo rm  f r e e  s tamens  and a s c e n d i n g  c o c h l e a r  
p e t a l  a e s t i v a t i o n .  An a d a x i a l  p e t a l  becomes l a r g e r  th a n  th e  r e s t  
i n  th e  f u l l y  expanded f l o w e r .
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INTRODUCTION— The p u rp o s e  o f  t h i s  work i s  to  s tu d y  f l o r a l  
on togeny  i n  P a r k i n s o n i a  a c u l e a t a  (L e g u m in o s a e : C a e s a l p i n i e a e ) .
The C a e s a l p i n i a  g roup  o f  t h e  T r i b e  C a e s a l p i n i e a e  (Leguminosae) 
c o n t a i n s  n i n e t e e n  g e n e r a  i n c l u d i n g  P a r k i n s o n i a  ( P o l h i l l  & V i d a l ,  
1 981 ) .  F lowers  o f  C a e s a l p i n i a  g roup  r ange  from n e a r l y  r a d i a l  
( S t a h l i a ) t o  s t r o n g l y  zygomorphic  ( C e n o s t ig m a , Z u c c a g n i a , and 
C a e s a l p i n i a ) ( P o l h i l l  & V i d a l ,  1 981 ) .  P a r k i n s o n i a  i s  s e p a r a t e d  on 
b a s i s  of  v e g e t a t i v e  c h a r a c t e r s ,  f r u i t  s t r u c t u r e  and i n d e h i s c e n c e .  
P a r k i n s o n i a  a c u l e a t a , w i t h  i t s  weakly  zygomorphic f l o w e r s  i s  
i n t e r m e d i a t e  i n  symmetry w i t h i n  t h e  t r i b e  and d i f f e r s  from the  
s t r o n g l y  b i l a t e r a l  l u p i n e  and t h e  r a d i a l l y  sy m m e t r i c a l  mimosoid.  
F l o r a l  o rg a n  i n i t i a t i o n  o f  o t h e r  c a e s a l p i n i o i d  legumes h a s  been 
s t u d i e d  i n  o u r  l a b o r a t o r y  ( T u c k e r ,  e t  a l . ,  1985;  T u ck e r ,  i n  p r e s s ) .  
Scanning  e l e c t r o n  m ic ro sco p y  i s  u sed  t o  examine f l o r a l  o rg an  
i n i t i a t i o n .
MATERIALS AND METHODS— F l o r a l  m a t e r i a l  o f  JP. a c u l e a t a  was 
c o l l e c t e d  from t h e  f o l l o w i n g  l o c a l e s :  1)  L o u i s i a n a ,  E a s t  Baton 
Rouge P a r i s h ,  L o u i s i a n a  S t a t e  U n i v e r s i t y  Campus a lo n g  E a s t  Stadium 
D r ive  be tween  S t a n f o r d  and West P a r k e r  a long  C o r p o r a t i o n  Canal  
d u r i n g  th e  s p r i n g  s e a s o n s  o f  1982 and 1983; 2 )  Texas ,  B r a z o r i a  
County ,  S t a n g e r  E s t a t e s ,  two m i l e s  West o f  Farm Road 521 a long  
Middle Bayou,  May 1983; 3)  L o u i s i a n a ,  E a s t  Baton Rouge P a r i s h ,
R iv e r  Road on l e v e e  a t  West G ra n t  S t r e e t ,  March 1986.  T i s s u e  was 
f i x e d  and p r e p a r e d  a s  p r e v i o u s l y  d e s c r i b e d  ( C h a p t e r s  1 & 2 ) .
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RESULTS— O rganography—Flow ers  o f  P a r k i n s o n i a  a c u l e a t a  a r e  
a r r a n g e d  h e l i c a l l y  i n  p e n d u lo u s  a x i l l a r y  racemes  ( F i g .  1 ) .  The 
i n f l o r e s c e n c e s  a r i s e  i n  t h e  a x i l s  o f  long  p i n n a t e l y  compound l e a v e s  
which have s t o u t  s t i p u l a r  s p i n e s .  The i n f l o r e s c e n c e  m e r i s t e m  
p ro d u c e s  a c r o p e t a l l y  a r r a n g e d  b r a c t s  eac h  o f  which  s u b t e n d s  a 
s i n g l e  f l o w e r .  The i n f l o r e s c e n c e  m e r i s t e m s  a p p e a r  to  be somewhat 
i n d e t e r m i n a t e  i n  t h a t  f l o r a l  p r o d u c t i o n  c o n t i n u e s  th r o u g h o u t  the  
s p r i n g  and summer i n  t h e  s o u t h e r n  c o a s t a l  r e g i o n s  o f  t h e  U n i ted  
S t a t e s  (Odenwald and T u r n e r ,  1 9 8 0 ) .  There a r e  no b r a c t e o l e s .  The 
s l i g h t l y  zygomorphic f u l l y  expanded f l o w e r s  a r e  t y p i c a l l y  
pen tam erous  w i th  o rg a n s  a r r a n g e d  a c r o p e t a l l y  i n  t h e  f o l l o w i n g  
o r d e r :  s e p a l s ,  p e t a l s ,  o u t e r  and i n n e r  w h o r l s  o f  f r e e  s tamens
( fo rm in g  a d i s k  a f t e r  i n i t i a i o n  and b e f o r e  a n t h e s i s )  and a s i n g l e  
c a r p e l .  These f u l l y  expanded c a e s a l p i n i o i d  f l o w e r s  a r e  
c h a r a c t e r i z e d  by f i v e  u n i f o r m  s e p a l s  and f i v e  p e t a l s  g e n e r a l l y  
s i m i l a r  i n  s i z e  and s h a p e .  The s t a n d a r d  p e t a l  becomes s l i g h t l y  
e n l a r g e d  and d e v e l o p s  o r a n g e - r e d  n e c t a r  g u i d e s  a f t e r  a n t h e s i s  
(Cowan, 1 981 ) .  I n  t h e  bud t h e  a s c e n d i n g  c o c h l e a r  i m b r i c a t e  p a t t e r n  
o f  p e t a l s  i s  c o n s i s t e n t  w i t h  o t h e r  s u b f a m i ly  members. The 
i n f l o r e s c e n c e  morphology and anatomy h a s  n o t  b een  i n v e s t i g a t e d .
Organogeny— S e p a l s — Five  s e p a l s  a p p e a r  i n  h e l i c a l  o r d e r  
b e g i n n in g  w i t h  a s e p a l  on t h e  a b a x i a l  s i d e  o f  t h e  f l o w e r  ( F i g .  3 ) .  
The o r d e r  o f  a p p e a ra n c e  o f  s e p a l s  i s  c o u n t e r c l o c k w i s e  ( F i g .  4 , 5 )  o r  
c l o c k w i s e .  S e p a l s  expand a t  d i f f e r e n t  r a t e s  and r e a c h  a p o i n t  a t  
which  t h e  s e p a l s  ( F i g .  6 )  a r e  u n i fo rm  i n  s i z e  and s h a p e .
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D i f f e r e n t i a t i o n  o f  t r i c h o ra e s  o c c u r s  on th e  o l d e s t  s e p a l  ( F i g .  6 ) .  
With f u r t h e r  e x p a n s io n  t h e  a b a x i a l  s e p a l  ( F i g .  7)  becomes 
c u c u l l a t e ,  o v e r t o p p i n g  t h e  o t h e r s .  The i m b r i c a t e  a r r a n g e m e n t  of  
s e p a l s  ( F i g .  8)  i s  such  t h a t  t h e  o r d e r  o f  i n i t i a t i o n  i s  n o t  
o b v i o u s .  L a t e r  s e p a l  e x p a n s i o n  was n o t  i n v e s t i g a t e d .
P e t a l s — The o r d e r  o f  p e t a l  a p p e a ra n c e  i s  n o t  h e l i c a l  b u t  
u n i d i r e c t i o n a l  from th e  a b a x i a l  t o  t h e  a d a x i a l  s i d e  of  t h e  f l o r a l  
m e r i s t e m .  The two a b a x i a l  p e t a l s  ( F i g .  9 ,  a r r o w s )  a p p e a r  i n  
p o s i t i o n s  a l t e r n a t e  t o  t h e  s e p a l s .  I t  s h ou ld  be no te d  t h a t  th e  
median s a g i t t a l  p l a n e  o f  t h e s e  f l o r a l  m e r i s t e m s  i s  f r e q u e n t l y  o u t  
o f  a l i g n m e n t  w i t h  t h e  p l a n e  t h a t  b i s e c t s  t h e  s u b t e n d i n g  b r a c t .
N ex t ,  a p a i r  o f  l a t e r a l  p e t a l s  ( F i g .  10,  a r r o w s )  i s  fo l l o w e d  i n  
c l o s e  s u c c e s s i o n  by th e  median a d a x i a l  p e t a l  ( s t a n d a r d )  ( F i g .  10, 
u p p e r  a r r o w ) .  P e t a l s  expand a p i c a l l y  ( F i g s .  14 and 15) and 
l a t e r a l l y  ( F i g s .  16 & 17) u n t i l  t h e y  o v e r l a p  m a r g i n a l l y  and show an 
i m b r i c a t e  p a t t e r n  o f  a e s t i v a t i o n  ( F i g .  1 9 ) .
A n t i s e p a l o u s  s t a m e n s —The median a n t i s e p a l o u s  s tam en  ( F i g .  10,  
S t )  and t h e  two l a t e r a l  s tam ens  ( F i g .  11,  St  & 12) a p p e a r  a f t e r  th e  
s t a n d a r d  p e t a l  ( F i g .  11,  a r ro w )  i s  e v i d e n t .  The a n t i s e p a l o u s  
stam en p r i m o r d i a  a r e  ab o u t  t h e  same s i z e  a s  t h e  p e t a l  p r i m o r d i a  
( F i g .  10 ,  11 ,  & 12) a t  t h e  t im e  o f  i n i t i a t i o n .  The a d a x i a l  p a i r  of  
s tamen p r i m o r d i a  ( F i g .  12,  one s i t e  o b s c u re d  by s e p a l )  a r e  formed 
t o  e i t h e r  s i d e  o f  t h e  median  a d a x i a l  p e t a l .
The a n t i s e p a l o u s  s tam ens  i n c r e a s e  i n  h e i g h t  u n t i l  t h e y  a r e  
a b o u t  t h e  same h e i g h t  a s  t h e  p e t a l s .  The a n t i s e p a l o u s  s tam ens
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a f t e r  d i f f e r e n t i a t i o n  o f  t h e  a n t h e r s  a r e  l a r g e r  t h a n  th e  
a n t i p e t a l o u s  s tam ens ;  a l t h o u g h  a l l  t e n  a n t h e r  s a c s  a r e  th e  same 
s i z e  ( F i g .  2 1 ) .
C a r p e l —The c a r p e l  p r im ord ium ( F i g .  11,  C) a p p e a r s  
p r e c o c i o u s l y  d u r i n g  t h e  i n i t i a t i o n  o f  th e  a n t i s e p a l o u s  s tam en s .
The c a r p e l  pr im ordium b e g i n s  d i f f e r e n t i a l  a b a x i a l  g rowth  ( F i g .  12, 
13,  14 ,  15 ,  & 1 6 ) .  C l e f t  f o r m a t i o n  ( F i g .  13) i s  n o t i c e a b l e  d u r in g  
th e  i n i t i a t i o n  o f  t h e  t h e  i n n e r  w hor l  o f  s tamen p r i m o r d i a .  The 
c a r p e l  c o n t i n u e s  t o  expand a p i c a l l y  i n  t h e  bud ( F i g s .  17-19)  u n t i l  
i t  i s  o v e r to p p e d  by t h e  o u t e r  w hor l  o f  s tamens  ( F i g .  2 0 ,  c a r p e l  
w i t h  many h a i r s ) .  The c a r p e l  assumes a c e n t r a l  p o s i t i o n  on th e  
f l o r a l  m e r i s tem  and i s  c o n s i d e r e d  t e r m i n a l  •
A n t i p e t a l o u s  s t a m e n s —With t h e  s u c c e s s i o n  o f  t h e  a n t i s e p a l o u s  
stamen p r i m o r d i a  and w i t h  t h e  p r e c o c i o u s  ap p e a ra n c e  o f  th e  c a r p e l ,  
t h e  s i t e s  ( F i g .  12,  a r row  a t  low er  r i g h t )  f o r  th e  a n t i p e t a l o u s  
s tam ens  a r e  p r e d e t e r m i n e d  by t h e  pen tam erous  shape o f  t h e  f l o w e r .  
The a b a x i a l  p a i r  o f  a n t i p e t a l o u s  s tamen p r im o r d i a  a p p e a r s  f i r s t  
f o l l o w e d  i n  r a p i d  s u c c e s s i o n  by t h e  l a t e r a l  p a i r  ( F i g .  13,  f o u r  
p r e s e n t )  and t h e  median a d a x i a l  p r im ord ium ( F i g .  1 4 ) .  The 
a n t i p e t a l o u s  s tamen p r i m o r d i a  rem ain  s m a l l e r  t h a n  th e  a n t i s e p a l o u s  
s tamen p r i m o r d i a  ( F i g .  13) d u r i n g  s u b s e q u e n t  e a r l y  s t a g e s .  Dur ing  
d i f f e r e n t i a t i o n  w i t h i n  t h e  bud t h e  a n t h e r  s a c s  o f  t h e  two s e t s  of  
s tam ens  ( F i g .  20)  a r e  o f  e q u i v a l e n t  s i z e s .  The f i l a m e n t s  o f  th e  
o u t e r  w hor l  ( F i g .  20 & 21)  rem a in  l o n g e r  t h a n  th e  f i l a m e n t s  o f  th e  
i n n e r  w hor l  o f  s tam en s .
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F l o r a l  o rg an  a r r an g em en t  a t  a n t h e s i s — The s e p a l s  app ro ac h  an 
i m b r i c a t e  a r r angem en t  ( F i g .  8 ) ,  p e t a l  a e s t i v a t i o n  r em a ins  i n  an 
a s c e n d i n g  c o c h l e a r  p a t t e r n  ( F i g .  1 9 ) ,  t h e  s tamens  a r e  f r e e  ( F i g .  
2 1 ) .  Around th e  base  o f  t h e  c a r p e l  i s  a d i s c  s u r ro u n d ed  by th e  
f i l a m e n t  b a s e s  ( F i g .  2 2 ) .  R a d i a l  e x p a n s io n  h a s  o c c u r r e d  presumably  
d u r i n g  s t a g e s  o f  deve lopm en t  a f t e r  a l l  o rg a n s  were i n i t i a t e d .
DISCUSSION— Order  o f  o rg an  i n i t i a t i o n — In  P a r k i n s o n i a  a c u l e a t a  
s e p a l s  a p p e a r  i n  h e l i c a l  o r d e r  f o l l o w e d  by th e  p e t a l s ,  
a n t i s e p a l o u s  s tamens  and a n t i p e t a l o u s  s tamens  i n  u n i d i r e c t i o n a l  
o r d e r  w i t h i n  i n  each  w h o r l .  The o r d e r  o f  i n i t i a t i o n  of  f l o r a l  
o rg a n s  i n  P.  a c u l e a t a  i s  s i m i l a r  t o  th e  o r d e r  d e s c r i b e d  f o r  L. 
h a v a r d i i  (C h a p t e r  1 ) .  O th e r  c a e s a l p i n i o i d s  w i t h  h e l i c a l  c a l i c e s  
a r e  l i s t e d  i n  Tucker  (1987 ;  i n  p r e s s )  and i n c l u d e  ab o u t  13 s p e c i e s  
i n  Brownea, C a s s i a , C e r a t o n i a , C e r c i s , S a raca  and S c h o t i a . A 
u n i d i r e c t i o n a l  sequence  o f  s e p a l  i n i t i a t i o n  o b s e rv ed  i n  C a e s a l p i n i a  
p u l c h e r r i m a  and C_, ve s i c  a r i a  ( T u c k e r ,  e t  a l . ,  1985) have n o t  been  
o b s e rv ed  i n  f l o w e r s  o f  P a r k i n s o n i a  a c u l e a t a . Most c a e s a l p i n i o i d  
t a x a  s t u d i e d  s h a r e  P a r k i n s o n i a  *s p a t t e r n  o f  h e l i c a l  c a l y x  and 
u n i d i r e c t i o n a l  o r d e r  on o t h e r  w h o r l s .  A w hor led  t r a n s v e r s e  o r d e r  
o f  i n i t i a t i o n  o f  p e t a l s  and s tamens  h a s  been  o b s e rv ed  i n  Brownea 
c o c c i n e a  and B. g r a n d i c e p s  ( H a r t o g ,  1 8 8 8 ) .  The p e t a l  p r i m o r d i a  and 
t h e  two s e t s  o f  s tamen p r i m o r d i a  a p p e a r  i n  such  r a p i d  s u c c e s s i o n  
w i t h i n  eac h  w hor l  t h a t  w i t h o u t  c a r e f u l  e x a m in a t i o n  o f  many s t a g e s  
t h e  o r d e r  c o u ld  a p p e a r  t o  be s i m u l t a n e o u s .  I n  t a x a  such  a s  th e  
Brownea s p e c i e s ,  h i s t o l o g i c a l  e v i d e n c e  o f  t h e  a c t i v i t y  o f  t h e
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f l o r a l  m e r i s t e m  shou ld  accompany t o p o g r a p h i c  i n v e s t i g a t i o n .
Because t h e  sequence  o f  i n i t i a t i o n  o f  p e t a l s  and s tamens  i n  j>. 
a c u l e a t a  i s  t imed  so c l o s e l y ,  i n  o r d e r  t o  c o n f i r m  th e  
u n i d i r e c t i o n a l  o r d e r  o f  i n i t i a t i o n  o f  t h e s e  o r g a n s ,  t h e  a c t i v i t y  of  
t h e  f l o r a l  m e r i s tem  sh o u ld  be d e t e rm in e d  h i s t o l o g i c a l l y .  Based on 
h i s t o l o g i c a l  d o c u m e n ta t io n  o f  t h e  o t h e r  legume t a x a  i n  t h i s  
i n v e s t i g a t i o n  i t  i s  s a f e  to  assume t h a t  o rg an  i n i t i a t i o n  i s  
im m e d ia te ly  f o l l o w e d  by a p r o t u b e r a n c e  on th e  m e r i s t e m .
The c a r p e l  p r im ord ium ( s e e n  a s  a mound) a p p e a r s  d u r i n g  
p r o d u c t i o n  o f  a n t i s e p a l o u s  s tamen p r i m o r d i a .  The a c r o p e t a l  o r d e r  
o f  o rg a n  i n i t i a t i o n  i s  i n t e r r u p t e d  by th e  i n i t i a t i o n  o f  t h e  c a r p e l  
i n  Lespedeza  t h u n b e r g i i  and C a s s i a  m a r i l a n d i c a  ( T u c k e r ,  1 987 ) .  
Appearance  o f  t h e  c a r p e l  pr im ord ium b e f o r e  a l l  s tamen p r i m o r d i a  a r e  
i n i t i a t e d  i s  r e p o r t e d  among th e  f o l l o w i n g  p a p i l i o n o i d s :
A s t r a g a l u s  a s p e r  ( H o f m e i s t e r ,  1868) ,  Pisum s a t iv u m  ( T u c k e r ,  1987 & 
i n  p r e s s ) ,  and Lupinus e l e g a n s  ( F r a n k ,  1 875 ) .  C a rp e l  p r e c o c i t y  i n  
II* a c u l e a t a  i s  c o n s i s t e n t  w i t h  t h e  p a p i l i o n o i d  and th e  mimosoid 
t a x a  i n c l u d e d  i n  t h i s  i n v e s t i g a t i o n  and i s  n o t  an u n u s u a l  o c c u re n c e  
among t h e  Legurainosae.
Symmetry—The f l o r a l  m e r i s t e m  o f  P.  a c u l e a t a  t e n d s  to  s h i f t  i n  
symmetry from r a d i a l  a t  t h e  t ime o f  s e p a l  i n i t i a t i o n  t o  zygomorphic 
b e g i n n i n g  u n i d i r e c t i o n a l  p e t a l  and s tamen  a p p e a r a n c e .  The ou tward 
a p p e a r a n c e  o f  t h e  f l o w e r  i s  r a d i a l  d u r i n g  c a l y x  i n i t i a t i o n ,  b u t  
s h i f t s  t o  zygomorphic w i t h  t h e  ove rg ro w th  o f  t h e  c u c u l l a t e  
( a b a x i a l )  s e p a l .  Dur ing  mid -deve lopm en t  s t a g e s  ( T u c k e r ,  1984) t h e
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f l o w e r  e x h i b i t s  b i l a t e r a l  symmetry on th e  b a s i s  o f  c a r p e l  and th e  
f i v e - m e r o u s  n a t u r e  o f  t h e  f l o w e r .  Befo re  t h e  f l o w e r s  open  a t  
a n t h e s i s  t h e  s e p a l s  a r e  once a g a i n  u n i fo rm  i n  s i z e  and i m b r i c a t e  i n  
a r r a n g e m e n t .  The s h i f t s  i n  s e p a l  s i z e  and u n i f o r m i t y  do n o t  
o b v i o u s l y  r e f l e c t  t h e  s h i f t s  i n  symmetry o f  t h e  f l o r a l  m e r i s t e m .
The u n i d i r e c t i o n a l  o r d e r  o f  i n i t i a t i o n  can  be i n f e r r e d  b u t  n o t  
p ro v en  w i t h o u t  h i s t o l o g i c a l  d o c u m e n ta t io n .
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Fig .  1-2.  Diagram s of  raceme and f l o w e r  o f  P a r k i n s o n i a  a c u l e a t a .  1. 
I n f l o r e s c e n c e  d ia g ra m  o f  P a r k i n s o n i a  a c u l e a t a .  B r a c t ,  B. F low er ,  f .
2. F l o r a l  d ia g ra m  o f  P a r k i n s o n i a  a c u l e a t a .  2. F l o r a l  d iag ram .  
I n f l o r e s c e n c e  a x i s ,  a .  B r a c t ,  B. S e p a l s ,  S. P e t a l s ,  P. Stamens ,





F i g .  3 - 8 .  S epa l  i n i t i a t i o n  and d ev e lo p m en t .  Bar = 50 ûm i n  F ig .  
3-6  and 500 i n  F i g .  7 & 8 .  S e p a l ,  S, b r a c t ,  B. 3 .  F i r s t  s e p a l  
i n i t i a t e d  on a b a x i a l  s i d e  o f  f l o r a l  m e r i s t e m .  4 .  S epa l  p r im o r d ia  
numbered i n  h e l i c a l  o r d e r  o f  i n i t i a t i o n .  5 .  L a t e r a l  view of  
f l o w e r  from a d a x i a l  s i d e .  S e p a l s  i n i t i a t e d  i n  c o u n t e r c l o c k w i s e  
h e l i x .  Sequence d e t e r m in e d  by r e l a t i v e  s i z e s  o f  p r i m o r d i a .  6 .  
S e p a l s  u n i fo rm  i n  s i z e  7 .  F i r s t - f o r m e d  s e p a l  c u c u l l a t e .  H e l i c a l  
o r d e r  d e t e r m in e d  by r e l a t i v e  s i z e s  o f  s e p a l s .  8 .  P r i o r  to  
a n t h e s i s  s e p a l s  i m b r i c a t e .
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F i g .  9 - 1 2 .  P e t a l  and a n t i s e p a l o u s  s tamen i n i t i a t i o n .  Bar = 50 ^m. 
B r a c t ,  B. S e p a l ,  S. C a r p e l ,  C. 9 .  U n i d i r e c t i o n a l  p e t a l  
i n i t i a t i o n  b e g i n n in g  w i t h  two a b a x i a l  p e t a l  p r i m o r d i a ,  a r r o w s .
Four s e p a l s  removed.  10.  L a t e r a l  p e t a l  p r i m o r d i a  ( l o w e r  a r ro w s )  
and a b a x i a l  a n t i s e p a l o u s  s tamen p r im ord ium ,  S t .  Three  s e p a l s  
removed.  11.  F ive  p e t a l s  p r e s e n t ,  l a t e r a l  p e t a l  o b s c u re d  by 
s e p a l .  L a t e r a l  a n t i s e p a l o u s  s t a m e n s ,  S t .  C a rp e l  p r im o rd iu m ,  C.
12.  Median a d a x i a l  p e t a l ,  u p p e r  a r ro w .  A n t i p e t a l o u s  s tamen 
p r im ord ium ,  a r row  a t  lo w er  r i g h t ,  on a b a x i a l  s i d e  o f  f l o r a l  
m e r i s t e m .
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F i g .  13 -16 .  A n t i p e t a l o u s  s tamen i n i t i a t i o n  and p e t a l  a n t i s e p a l o u s  
and c a r p e l  e x p a n s i o n .  Bar = 50 ^im. C a r p e l ,  C. 13 .  S ep a l s  
removed.  F ive  p e t a l s ,  f i v e  a n t i s e p a l o u s  s t a m e n s ,  and f o u r  
a n t i p e t a l o u s  s tam ens  p r e s e n t .  14 .  S e p a l s  removed.  A l l  f l o r a l  
o r g a n s  p r e s e n t .  15.  S e p a l s  removed.  S l i g h t l y  o b l i q u e  a b a x i a l  
v iew comparing s i m i l a r  p e t a l  and a n t i s e p a l o u s  s tamen s i z e s .  
A n t i p e t a l o u s  s tam ens  p r e s e n t .  16 .  L a t e r a l  view o f  f l o w e r  w i th  
s e p a l s  removed.  P e t a l s  and a n t i s e p a l o u s  s tam ens  o f  e q u i v a l e n t  
h e i g h t s ,  c a r p e l  s l i g h t l y  h i g h e r .
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F i g .  17 -22 .  P e t a l ,  s tamen  and c a r p e l  d ev e lo p m en t .  F i g .  1 7 -19 ,  Bar 
= 50 p m. F i g .  2 0 -2 2 ,  Bar = 500 ^pm. 17.  P o l a r  view o f  f l o w e r ,  
c a r p e l  c l e f t  s l i g h t l y  o u t  o f  median s a g i t t a l  p l a n e .  18 .  S tage  
s i m i l a r  to  F i g .  17 w i t h  one p e t a l  and one a n t i s e p a l o u s  stamen 
removed to  r e v e a l  a n t i p e t a l o u s  s tamen p r im ord ium ,  s t i l l  s m a l l e r  
t h a n  a n t i s e p a l o u s  s tamen  p r i m o r d i a .  19.  Ascending c o c h l e a r  p e t a l  
a e s t i v a t i o n .  S e p a l s  removed.  20 .  C a r p e l ,  w i th  h a i r s ,  r e l a t i v e  to  
h e i g h t  o f  s t a m e n s .  S e p a l s ,  p e t a l s  and numerous s tam ens  removed.
21 .  F lower  n e a r  a n t h e s i s .  S e p a l s  and p e t a l s  removed,  a n t h e r  s a c s  
o f  two w h o r l s  o f  s tamens  u n i f o r m .  22 .  F lower  a t  a n t h e s i s  w i t h  a l l  







Symmetry, o r d e r  o f  o rg a n  i n i t i a t i o n ,  o rg an  p o s i t i o n ,  and f a t e  of  
t h e  f l o r a l  m e r i s t e m  a r e  t h e  t a x o n o m ic a l ly  i m p o r t a n t  o n t o g e n e t i c  
c h a r a c t e r s  examined i n  t h e  f o l l o w i n g  legume s p e c i e s :  A cacia
b a i l e y a n a  (M im o s o id e a e ) , Lupinus  h a v a r d i i  ( P a p i l i o n o i d e a e ) , and 
P a r k i n s o n i a  a c u l e a t a  ( C a e s a l p i n i o i d e a e ) .  Topograph ic  i n f o r m a t i o n  
and h i s t o g e n e t i c  e v i d e n c e  a r e  c l o s e l y  c o r r e l a t e d  i n  A. b a i l e y a n a  
and L. h a v a r d i i . P.  a c u l e a t a  i s  examined t o p o g r a p h i c a l l y  w i t h  SEM. 
h i s t o l o g i c a l  e v i d e n c e  i s  im p l i e d  i n  P_. a c u l e a t a .
Symmetry and o r d e r  of  o rg a n  i n i t i a t i o n  a r e  c l o s e l y  r e l a t e d  
d e v e l o p m e n t a l l y .  The a c t i v i t y  o f  t h e  f l o r a l  m e r i s t e m  i s  documented 
h i s t o l o g i c a l l y  t h r o u g h o u t  u n i d i r e c t i o n a l  o r g a n o g e n e s i s  c o n f i rm in g  
t h e  symmetry o b s e rv e d  t o p o g r a p h i c a l l y  i n  L u p i n u s . B i l a t e r a l
symmetry i s  e x p r e s s e d  i n  f l o w e r s  o f  Lupinus  h a v a r d i i  i n  t h e  f l o r a l  
m e r i s tem  b e f o r e  o r g a n o g e n e s i s  and i s  m a in t a i n e d  th ro u g h o u t  
u n i d i r e c t i o n a l  o r g a n o g e n e s i s .  S u b t l e  e x p r e s s i o n  o f  zygomorphy i n  
t h e  l u p i n e  o c c u r s  d u r i n g  mid—d e v e lo p m e n ta l  s t a g e s  by th e  two—l i p p e d  
c a l y x  and th e  c a r p e l  p r im ord ium  compared t o  t h e  s t r o n g  b i l a t e r a l  
symmetry t h a t  i s  e v i d e n t  i n  t h e  f u l l y  expanded t y p i c a l l y  
p a p i l i o n o i d  f l o w e r .
F l o r a l  m e r i s t e m s  o f  P.  a c u l e a t a  and A. b a i l e y a n a  b e g i n  
i n i t i a t i o n  o f  f l o r a l  o r g a n s  on r a d i a l l y  sy m m e t r i c a l  a p i c e s .  S e p a l s  
o f  b o th  s p e c i e s  a r e  i n i t i a t e d  h e l i c a l l y .  Beg inn ing  w i th  p e t a l
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i n i t i a t i o n  t h e  f l o w e r s  o f  t h e  c a e s a l p i n i o i d  and th e  mimosoid t a x a  
d i v e r g e  from one a n o t h e r  i n  de v e lo p m e n ta l  p a thw ays .  P.  a c u l e a t a  
i n i t i a t e s  t h e  r em a in ing  f l o r a l  o rg a n s  u n i d i r e c t i o n a l l y  t h e r e b y  
e x p r e s s i n g  b i l a t e r a l  symmetry.  Dur ing m id -d e v e lo p m e n ta l  s t a g e s  
b i l a t e r a l  symmetry i s  e x p r e s s e d  by th e  median s a g i t t a l  p l a n e  
th r o u g h  th e  c a r p e l  p r im ord ium.  The f u l l y  expanded f l o w e r  o f  P. 
a c u l e a t a  shows weak zygomorphy.
The mimosoid r e t a i n s  r a d i a l  symmetry t h r o u g h o u t  s im u l t a n e o u s  
o r g a n o g e n e s i s  o f  p e t a l s  and o f  common stamen p r i m o r d i a  a s  
s i m u l t a n e o u s  w h o r l s .  R a d i a l  symmetry i s  c o n s i s t e n t  t h r o u g h o u t  the  
complex sequence  o f  s tamen  i n i t i a t i o n  i n  A. b a i l e y a n a .
H i s t o l o g i c a l  e v id e n c e  c o n f i r m s  t h e  t o p o g r a p h i c  e v i d e n c e  from SEM i n  
t h e  mimosoid .  Calyx  and c o r o l l a  members a r e  u n i fo rm  w i t h i n  each  
w hor l  and a l t h o u g h  a p l a n e  o f  b i l a t e r a l  symmetry may be drawn 
th ro u g h  th e  c a r p e l ,  t h e  f l o w e r  i s  r a d i a l l y  s y m m e t r i c a l .
The f l o r a l  m e r i s tem  s h i f t s  i t s  c o n f i g u r a t i o n  from t u n i c a - c o r p u s  
t o  m a n t l e - c o r e ,  a common e v e n t  a t  f l o r a l  o n s e t .  The doub le  
s t e p w i s e  r a d i a l  e x p a n s io n  o f  t h e  f l o r a l  m e r i s tem  i s  t h e  means by 
which  th e  f l o r a l  m e r i s tem  accommodates f o r  i n i t i a t i o n  o f  l a r g e  
numbers o f  s tam ens  p r e s e n t  i n  A cac ia  b a i l e y a n a , b u t  a b s e n t  
g e n e r a l l y  i n  P a p i l l o n o i d e a e  and C a e s a l p i n i o i d e a e .  A na tom ica l  
s e c t i o n s  showing t h e  m e r i s t e m a t i c  a c t i v i t y  on t h e  a b a x i a l  s i d e  o f  
t h e  f l o w e r  co n f i rm ed  th e  f i n d i n g s  o f  c o n c e n t r a t i o n s  o f  p r i m o r d i a  
s e e n  a b a x i a l l y  i n  L.  h a v a r d i i  w i t h  SEM. Organs a r e  c o n s i s t e n t l y  
i n i t i a t e d  by p e r i c l i n a l  d i v i s i o n s  i n  t h e  s u b s u r f a c e  t u n i c a  l a y e r ,
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and i n  no i n s t a n c e s  were p e r i c l i n e s  o b s e rv ed  i n  s i t e s  o t h e r  th a n  
o rg an  s i t e s .  The c a r p e l  i s  d e t e rm in e d  h i s t o l o g i c a l l y  t o  be 
t e r m i n a l  i n  L. h a v a r d i i  and A. b a i l e y a n a  and a p p e a r s  s i m i l a r l y  
t e r m i n a l  i n  P. a c u l e a t a .
Chapter 5
V i t a
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1 0 0
V i t a
K i t t i e  Sue D e r s t i n e
Born i n  West Columbia ,  T exas ,  on June 2 5 ,  1947,  A t tended  
Texas A & I  U n i v e r s i t y  from September 1965-May 1966.  Rece ived  a B. 
S. i n  Animal S c ie n c e  from Texas A & M U n i v e r s i t y  i n  December,  1970.  
Rece ived  M. S. i n  Botany from Texas A & M U n i v e r s i t y  i n  Augus t ,  
1978.  C u r r e n t l y  employed a s  G e n e ra l  B io logy  L a b o r a to r y  
C o o r d i n a t o r ,  D epar tm ent o f  B io l o g y ,  U n i v e r s i t y  o f  S o u th w e s te rn  
L o u i s i a n a ,  L a f a y e t t e .
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